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ABSTRACT 
. ... 
Thc use of  l i q u i d - l i q u i d  .ex t rac t iu i i  f u r  Ll!e separa'l;ion of  tantalum 
f ~ o m  niobium was demongtra.tedQ T a n t n l ~ m  and n iohi  llm sner . t , rnv~phi  pall y 
fl-ce of  cacll ~ L l l e ~ n  V V ~ L . ~  p ~ . b ~ a r e c l  I n  quaritlty on ,a continusus b a s i s .  
.. . 
A tantalum-niobium mixture  ' w ~ i c h  cbnta ined  about  equa l  weights  of 
cach was ob ta ined  by p roces s ing  a  colur,ibi:te- L;intali,te o re .  An aqueo'us 
s o l u t i o n ,  o r  s t o c k  so lu t ion , '  conta in ing  the  ,equiva len t  of  517 grams of  
tan ta lum and niobium pentoxides  pe r  l i t e r  was prepar,ed b y  d i s s o l v i n g  t h e ,  + I 
h y b a t c d  ox ides  i n  excess  hydro f luo r i c  ac id .  Sir.1&1&' s t a g e  e x t r a c t i o n s  
o f  t h i s  s t o c k . s o l u t i o n  o r  i h s  water  d i l u t i o n s  wi th  many o rgan ic  s o l v e n t s  
i n d i c a t e d  t h a t  some s o l v e n t s  e x t r a c t e d  pore than  5'0 p e r  . cen t  of  t h e  t o t a l  
t an t a lum ana lyz ing  l e s s  t han  one p e r  c e n t  niobium. Although t h e  ke tones  
n e r e  rnost e f f e c t i v e  f o r  o b t a i n i n g  t h i s  separatiol.,many a lcohols ,  amines, 
a ldehydes,  e t h e r s ,  e s t e r s ,  o rgan ic  phos$hates,  o rgan ic  phosphi tcs  and 
mixed orgtlnic s o l v e n t s  were a l s o  use fu l .  A 'mul t ip le -contac t  b a t c h  
e x t r a c t i o n  o f  t h e  d i l u t e d  s tock  s o l u t i o n  c a r r i e d  o u t  wi th  d i e t h y l  ke tone  
gave i n  t h r e e  s t a g e s  a  99 pe r  c e n t  recovery  o f  niobium s p e c t r o g r a p h i c a l l y  
f r e e  of tan ta lum and a  96 p e r  c e n t  recovery  o f  t h e  tantalum which 
analyzed about  0.15 p e r  cent  niobium, The most e f f e c t i v e  s e p a r a t i o n  o f  
tan ta lum from niobium was o b t a i n e d v ~ h e n  t h e  f r e e  hy.d.ro:fluoric a c i d  
cu r~'Ler~ L was lovf, * .  
. ' Other  l e s s  c o r r o s i v e  systems n e r e  i n v e s t i g z t e d  f o r  separa t ing .  
tan ta lum from niobium by l i q u i d - l i q u i d  ex t rac t ion . '  Extr?.ction o f  hydro- 
f l u o r i c  . ac id  s o l u t i o n s  o f  niobium apnd t a n t a l m ,  which had been p a r t i a l l y  
o r  corrple t e l y  n e u t r a l i z e d  wi th  a l i p h a t i c  o r  a romat ic  hydroxyamines, 
i n d i c a t e d  f a v o r a b l e '  mas s  d i s t r i b u t i o n  and s e p a r a t i o n  o f  tnnta1.u.m froin 
niobium, Tantalum .prefer red  t h e  o rgan ic  phzse i n  t h e s e  systems. 
Although .the same g e n e r a l  e x t r a c t i o n  t r e n d s  were observed f o r  t h e  amine- 
f r e e  and t h e  amine-neutral ized hycirofluoric a c i d  s o l u t i o n s  of niobium 
and tantalum, t h e  former system gave h ighe r  degrees o f  s epa ra t ions .  
Niobium was p r e f e r e n t i a l l y  extracted by t h e  o r g a n i c  phase from a  
potassium hydroxide s o l u t i o n  of niobium and tan ta lum,  However, i n  t h i s  
system the  mass t r a n s f e r  ar.d degree o f  s e p a r a t i o n  was low. 
"-This r e p o r t  i s  based on a  Ph.D. t h e s i s  by Raymond A.  Foos submi t ted  
Ju ly ,  195k t o  Iov~a S t z t e  College,  ?,mes, IOT~IR. ?his  work was done under 
c o n t r a c t  w i t h  t h e  Atomic E-ergj  Comdssian.  
I 
Several countercurrent multistage extract ions  were ca r r ied  out  in  
which d ie thy l  ketone was employed a s  t h e  organic phase and the amine- 
neutra l ized hydrofluoric ac id  solut ion of niobium and tantalum as  the  
aqueous feed. I n  from 10 t o  15 stages,tantalum and niobium spectro- 
graphical ly  f r e e  of each other  were obtained quan t i t a t ive ly  on a con- 
tinuous basis .  
The l iquid- l iquid  system presented here indicated fu r ther  the  
app l i cab i l i t y  of solvent  ex t rac t ion  fo r  separat ing inorganic compounds, 
Much of  the  information from t h i s  work is d i r e c t l y  applicable t o  
p r a c t i c a l  separation problems and therefore  should be r ead i l y  adaptable 
t o  spec i f i c  laboratory and i n d u s t r i a l  sca le  operations. 
Liquid-l iquid e x t r a c t i o n  i s  beconing widely 'used f o r  the  sepa ra t ion  
of  inorganic s a l t s  i n  i n d u s t r i a l  a s  w e l l  a s  i n  l abora to ry  processes.  
t ;o~isequently, t h i s  technique was i n v e s t i g a t e d  a s  a  method f o r  t h e  sepa- 
r a t i o n  of  some inorganic  s a l t s  which a r e  of  cu r ren t  i n t e r e s t  to  t h e  
Atomic Energy Commission. 
I n  general,  a  number of  l i q u i d - l i q u i d  systems conta in ing  niobium and 
tantalum s a l t s  were inves t iga ted .  Various compositions of t h e  aqueous 
phase were contac ted  wi th  a  v a r i e t y  of p a r t i a l l y  k i s c i b l e  organic  so l -  
ven t s  i n  s i n g l e  s t age  e x t r a c t i o n s .  u n t i l  equi l ibr ium was obtained. .  
Analyses of t h e  equi l ibr ium phases allowed c a l c u l a t i o n  of t h e  ind iv idua l  
d i s t r i b u t i o n  c o e f f i c i e n t s ,  mass t r a n s f e r s  fmm t h e  aqueous phase t o  t h e  
organic phase and sepa ra t ion  f a c t o r s  f o r  each case. These equil.ibrium 
d a t a  af forded a  method whereby t h e  sepa ra t ion  e f fec t iveness  of va r ious  l iqu id -  
l i q u i d  systems were compared. From t h e  s i n g l e  s t a g e  da ta  t h e  range of 
t h e  optimum opera t ing  condi t ions  was es t imated  f o r  a  sepa ra t ion  by a  
m l t i s t a g e  ex t rac t ion .  These condi.tions were t e s t e d  i n  a  mult iple-  " 
. con tac t  countercurrent  e x t r a c t o r  employing a s  many a s  20 equi l ibr ium 
s t ages .  A few mul t i s tage  e x t r a c t i o n  experiments were usua l ly  r equ i red  
t o  ob ta in  the  most e f f e c t i v e  sepa ra t ion  condit ions.  
The aqueous f e e d  was usua l ly  a  mineral  ac id  s o l u t i o n  conta in ing  
t h e  niobium and tanta lum s a l t s  t o  be 'separated although b a s i c  media i n  
some cases  were a l s o  inves t iga ted .  Such v a r i a b l e s  i n  the  aqueous phase 
a s  pH, a c i d  concentrat ion,  s a l t  'concentrat ion,  con~plexing agents  and 
sa l t ing -ou t  agents  were inves t iga ted .  For  the  'organic phase f a c t o r s  such . 
a s  a c i d i t y ,  complexing agents,  d i l u e n t s  a.nd type of  organic  were found 
t o  be important  i n  making separa t ions .  Re la t ive  volumes o f  t h e  organic  
and aqueous phases were a l s o  v a r i e d  t o  ob ta in  separa t ion  data.  S ince  
s e p a ~ a t i o n  of these  s a l t s  on a  conmercial s c a l e  i s  des i red ,  t h e  economics 
o f  a  process  was an important f a c t o r  i n  eva lua t ing  the  p r a c t i c a b i l i t y  of  
a  l i q u i d - l i q u i d  system. 
It was found t h a t  niobium and tantalum spec t rograph ica l ly  f r e e  of 
each o t h e r  could be produced on a  continuous b a s i s  by a mul t i s t age  
&t rac t ion .  The use of l i q u i d - l i q u i d  systems f o r  sepa ra t ing  t h e s e  in-  - 
organic s a l t s  proved u s e f u l  on a  l abora to ry  sca le .  I n  a . few cases  the  
opera t ions  were s c a l e d  up t o  p i l o t  p l a n t  production where they  proved 
equa l ly  s a t i s f a c t o r y .  - 
v & ~ d i t o r s  Note: 
This in t roduc t ion  was w r i t t e n  f o r  a  s e r i e s  o f  r e p o r t s  dea l ing  wi th  
a  number o f  l i q u i d - l i q u i d  systems employed i n  sepa ra t ion  s tud ies .  Only 
d m e  of  t h e s e  systems i s  t r e a t e d  i n  t h i s  r epor t .  The o t h e r  systems, 
inc luding zirconium from hafnium and y t t r ium from r a r e  e a r t h s  by l iqu id -  
l i q u i d  ex t rac t ion ,  a r e  t r e a t e d  i n  Reports  ISC-693 and ISC-695. 
General I l i s t o r y  OF Niobium and Tantalum Sepa ra t ion  
I n  1{?01 Hatchet t d iscovered  tantalum and niobium ( o r  columbium) i n  a 
Connect icu t  mineral (1). Coluybite  and t a q t a l i t e  o re s ,  t h e  chief  source  of 
t l iese elements ,  a r e  o r d i n a r i l y  oxides .  which 'contain cons iderable  amounts 
o f  i r o n ,  mangan.ese and  t i t an ium.  ' h e  col!um!~ite o r e s  a r e  r i c h e r  i n  niobium 
w h i l e  t a n t a l i t e  mine ra l s  con ta in  more tan ta lum than  niobium. Much of  t h e  ' 
w o r l d ' s  supply o f  t hese  o r e s  i s  mined i n  A u s t r a l i a  and Afr ica .  %ny minor 
d e p o s i t s  o f  these  mine ra l s  have been l o c a t e d  throughout t he  world. 
Recen t ly  niobium and tan ta lum have become v e r y  u s e f u l  i n  the  f i e l d  
of metall .urgy, S t e e l s .  con ta in ing  niobium o r  tantalum a r e  v e r y  ha rd  and 
q u i t e  chemica l ly  r e s i s t a n t .  Niobium .and t a n t a l u m  meta ls  r e s i s t  t h e  a c t i o n  
o f  n o s t  .acids  except hydrof1uori.c: . a c i  d. RRCRIISP r t f  tah4'i,r .wi~Je ;)061jibLo 
. i n d u s k - i a l  apPlic;d L i u ~ ~ s  a c l ~ e a ~ ~  I I  Lhod f o r  r ecove r ing  them Trom t h e i r  
o r e s  is-  des l r ed .  Many methods have been r e p o r t e d  f o r  t h i s  recovery  and 
. f o r  t h e  s e p a r a t i o n  o f  t h e  niobium ,from t h e  tantalum. General ly  t h e  .pro- 
cedures  h a w b e e n  inadequate  f o r  low c o s t  l a r g e  s c a l e  product ion  o f  pure 
ni0biu.m and tan ta lum compounds, 
S e v e r a l  i n v e s t i g z . t o r s  have mviewed Lt!r-? 7 r : q r i . o ~ ~  methods f o r  s e p a r a t i n g  
niobium and tan ta lum s a l t s  up t o  abou t  1945 (1-3). The most wide ly  inves- 
t i g a t e d  technique  e n t a i l s  e i t h e r  f r a c t i o n a l  c r y s t a l l i z a t i o n  o r  p r e c i p i -  
t a t i o n ,  I n  t h e  method o f  Marignac ( l ) ,  n i o b i c  and t a n t a l i c  a c i d s  viere 
d i s s o l v e d  i n  .atminimum amount of  hydro f luo r i c  ac id .  A f t e r  s a t u r a t i n g  
t h i s  s o l u t i o n  w i t h  potassium f l u o r i d e ,  i t  was p a j h l y  evapora ted  and 
cooled. 'This. r e s u l t e d  i n  c r y s t a l l i z a t i o n  6,f potassium f l u o t a n t a l a t e ,  
K2TaF7, F u r t h e r  evapora t ion  and coo l ing  a l s o  y i e l d e d p o t a s s i & n  pen t r -  
f l u o n i o b i a t e ,  K2NbOF~.W20. One gra'm of  t h e  t an t a lum s a l t  d i s s o l v e s  i n  
, 
. a b o u t .  200 grams of water  wh i l e  a n  e q u a l  weight 'of the  niobium compound 
r e q u i r e s  o q l y  1 2  p a r t s  na tc r .  S c h o e l l e r  has  devised  a method o f  
s e ~ a r a t i r ~ g  tantalum from niobium by f r a c t i o n a l l y  prsc, ipi t ,a  t,i n ~ :  t .he jr 
o x a l a t e s  ' ivi th  t ann in  (4 ,5) .  Tannin p r e c i p i t a t e s  t h e '  tantalum complex 
froril a .  s i i & h t l y  a c i d  s o l u t i o n  whi le  an  excess  o f  t i innin p r e c i p i t a t e s  
niobium from a n e u t r a l  s o l u t i o n .  Although t h i s  technique  has  been q u i t e  
u s e f u l  a s  an' a n a l y t i c a l  rneihod f o r  s e p a r a l i n g  t h e s e  e l e m e n t s , i t  does n o t  
appear  t o  be pm.ac.t;ical on ' a  l a r g e  s c a l e .  
Rkcerit. at-tempts f o r  s e p a r a t i n g  tantalum from niobium by  f r a c t i d n a l  
p r e c i p i t a t i o n '  have been r e?o r t ed .  The use  o f  t a n n i n  w i t h  cinchonine, . 
s t r y c h n i n e  o r  b ruc ine  t o  o b t a i n  t h e  s e p a r a t i o n  has  been r epor t ed  (6-8) .  
Repeated p r e c i p i t a t i o n s  of  a hydrofl .unric a c i d  s o l u t i o n  ,of tho  niobium- 
t an t a lum rnixture w i t h  f  e r r o i n  y i e l d e d  pure tantalum (9) . Fowler (13) 
f r a c t i o n a l l y  p r e c i p i t a t e d  tan ta lum a t  a pH of from 4.5 t o  5 from t h e i r  
o x a l i c  a c i d . s o l u t i o n  by  slow hydro lys i s  of urea.  A f t e r  f u s i n g  t h e  
combined niobium and tan ta lum ox ides  w i t h  a m i x t u r e - o f  potassium o r  
sodium n i t r a t e s ,  c h l o r i d e s  o r  carbonates  and potassium hydrogen 
phosphate, it was repor ted that- tantalum containing a  small amount of  
niobium could be leached from the  residue by a  0.02 normal oxa l ic  acid  
L 
so lu t ion  (11). It has a l so  been reported t h a t  potassium iodate  precipi-  
t a t e s  tantalum but  not niobium (12). Golibersuch and Young (13) produced . niobium containing ' less  tha.n 0.2 per  cent tantalum by f r ac t i ona l l y  
p rec ip i ta t ing  niobium from a  concentrated su l fu r i c  acid  solut ion while 
.f - Wemet (14) reported t ha t  niobium and tantalum could be separated by 
s c rys t a l l i z i ng  from a  sa tu ra ted  hydrochloric ac id  solution.  
D i s t i l l a t i o n  of niobium and tantalum s a l t s  a s  a  method of e f f ec t i ng  
t h e i r  .separation has been reported by several  invest igators  (15-20). 
Cuvelliez (15) reported t h a t  niobium was separated from tantalum by 
roast ing the ore  i n  a i r  a t  about 800 t o  1200 degrees Centigrade with a  
bas ic  substance which was usual ly  calcium o x i d e .  The residue from t h i s  
roas t ing process was heated i n  a  chlorine atmosphere a t  800 t o  1050 
degrees Centigrade f o r  several  hours, Under.these conditions 70 t o  80 
per  cent of the  niobium was v o l a t i l i z e d  as  the  chloride o r  oxychloride 
while p r a c t i c a l l y  a l l  t h e  tantalum remained i n  the  mixture. It has a l so  
been found useful  by some inves t iga tors  t o  p r e f e r en t i a l l y  reduce the  
niobium oxide with hydrogen before addi t ion of chlorine gas (18-20). 
Kroll  and Bacon observed t h a t  much more niobium oxide than tantalum oxide 
formed a  n i t r i d e  when the  mixture of these oxides was t r ea t ed  with ammonia 
a t  600 degrees Centigrade, When chlorine was passed over t h i s  p a r t i a l l y  
n i t r i d e d  mixture a t  about 500 degrees Centigrade niobium was f r ac t i ona l l y  
d i s t i l l e d ,  In one t e s t  88 per  cent of the  niobium oxide and l e s s  than 
5 per  cent of the  tantalum oxide were removed as  a  chloride from a  mix- 
t u r e  N i t i d l y  composed of 47 per  cent  niobium oxide and 53 per  cent 
tantalum oxide. Hiskey and co-workers (17) vo l a t i l i z ed  niobium and 
tantalum by t r ea t i ng  t h e  oxide mixture with a  chlorinated hydrocarbon. 
Several successful  attempts have been reported f o r  separating 
tantalum and niobium s a l t s  by p r e f e r en t i a l  adsorption on ce l lu lose  
(21,22) or alumina (23). These invest igat ions  were ca r r ied  out on a  
laboratory o r  t r a c e r  scale .  Burs ta l l  and co-workers (21,22) charged 
ce l lu lose  with a  f luor ide  so lu t ion  of niobium and tantalum and then 
e l u t r i a t e d  t h i s  with methyl-ethyl ketone, The tantalum was quanti- 
t a t i v e l y  t rans fe r red  t o  the  methyl-ethyl ketone and was found t o  con- 
t a i n  'as l i t t l e  a s  0.10 per  cent niobium. Addition of hydrofluoric acid  
t o  the  eluant was required t o  remove the  niobium from the  cellulose.  - A t  a  pH of 6.4 ac t iva ted  alumina adsorbed a l l  the  niobium and some of the  
tantalum when t h e i r  oxala te  solut ion was e luted with a  solut ion of 
ammonium oxalate (23). 
- 
Columns charged with ion-exchange res ins  have been found t o  be 
r 
e f f ec t i ve  in separating tantalum and niobium (24-27).- The anion-exchange 
method employing a  mixed hydrochloric-hydrofluoric acid  solut ion of 
niobium and tantalum indicated t h a t  tantalum. was p r e f e r en t i a l l y  adsorbed 
(24,25). Elution of t h e i r  hydrochloric acid solut ion yielded the  
oppos i t e  t r e n d  ( 2 6 ) -  The niobium and tantalum obta ined  by these  ion- 
exchange techniques  were b e t t e r  than  9 3  p e r  c e n t  pure r e l a t i v e  t o  each 
o t h e r .  G i l l i s  a n 3  co-workers (27 )  recovered 95 r>er cent  of t h e  niobium 
f r e e  o f  t an t a lum by one pas s  o f  t h e i r  o x a l i c  a c i d  s o l u t i o n  conta in ing  
about  equal  weights  o f  t h e  two elements.  It i s  apparent  t h z t  t h e  pre-  
p a r a t i o n s  of  h igh  p u r i t y  niobium and t an t a lum on a  smal l  s c a l e  can be 
accomplished by employing adso rp t ion  and ion-exchange technjques.  
The use  o f  l i q u i d - l i q u i d  e x t r a c t i o n  f o r  s e p a r a t i n g  qiobium and 
tan ta lum has been r e p o r t e d  by  s e v e r a l  i n v e s t i g a t o r s .  Leddicot te  and 
b o r e  (28) found t h a t  a  s o l u t i o n  of  methyldioctylamine i n  xylene 
e x t r a o t e d  about 99 per  c e n t  o f  t h e  niobium and o n l y  about 0.8 p e r  cen t  
o f  t n e  t a ~ t a l u m  from an 8 ,0  molar hydrochlor ic  ac jd  snIlzt,ion, Niobium 
and tantalum d i s s o l v e d  i n  n i t r i c  a c i d  was n o t  e x t r a c t e d  b y  t h i s  o rgan ic  
phase when t h e  a c i d  concen t r a t ion  was a s  great ,  as 1.0.6 molar. Scqclden 2nd 
B a l l o u  ( 2 9 )  r e?o r t ed  a  p a r t i a l  s e p a r a t i o n  of niobium from tan ta lum by 
p r e f e r e n t i a l l y  e x t r a c t i n g  niobium from a n i t r i c  a c i d  s o l u t i o n  o f  t h e i r  
o x a l a t e s  i n t o  a 0 ~ 6  molar s o l u t i o n  o f  di-n-propyl phosphoric  a c i d  i n  
d i b u t y l  e t h e r .  The ahove l i q u i d - l i q u i d  e x t r a c t i o n  experiments were a l l  
c a r r i e d  o u t  a t  niobium and tan ta lum concen t r a t ions  of  about  one gram o r  
l e s s  p e r  l i t e r .  
Bilhelm, Kerr igan and Cass ( 3 0 )  r epo r t ed  t h a t  many o rgan ic  s o l v e n t s  
were capable  o f  p r e f e r e n t i a l l y  e x t r a c t i n g  tantalurr! from a hydro f luo r i c  
a c i d  s o l u t i o n  con ta in ing  h igh  concen t r a t ions  of  niobium and t m t a l u m .  
Stevenson and I l icks (31) s u c c e s s f u l l y  s epa ra t ed  tantalum and niobium by 
t h e  p r e f g r e n t i a l  e x t r a c t i o n  .of tan ta lum i n t o  d i - i sonropyl  ketone from 
t h e i r  aqueous s o l u t i o n  which a l s o  conta ined  hydro f luo r i c  a c i d  and another  
minepal ac id .  T h e , o t h e r  minera l  a c i d s  employed w i t h  t h e  h y d m f l u o r i c  
were hydrochlor ic ,  s u l f u r i c ,  p e r c h l o r i c  and n i t r i c .  The hydrochlor ic  
a c i d  was rcporteci t o  be  zest use fu l .  The a d d i t i o n s  of t h e s e  a c i d s  t,o 
t h e  s y s t e ~ . .  i nc reased  the  p e r  cen t  of  tantalum t,ransPerred t o  t h e  organic  
phase  al though t h e  r e l a t i v e  changes i n  t r a n s f e r  w r i e d  wi th  a c i d  con- 
cen t r ak ion ,  A niobium-tantalum s e p a r a t i o n  f a c t o r  o f  880 was r e p o r t e d  f o r  
extract ; ing a n i t r i c -hyc i ro f luo r i c  a c i d  aqueous system. In  one e x t r a c t i o n  
s e r i e s  which was e q u i v a l e n t  t o  two s t a g e s  of e x t r a c t i o n  t h e  aqueous pro- 
d u c t  phase conta ined  98 p e r  cent, n i o b i m  and 2.0 p e r  cen t  tantaliim tvhile 
t h e  o rgan ic  phase product  was 99.5 p e r  cen t  tantalum and 0.5 pe r  c e n t  
niobiw.., .The y i e l d s  of  t h e  high p u r i t y  niobium and t an ta lum were n e t  
g iven ,  i'Ionever, a l l  of' the e x t r a c t i o n s  of Stevenson and Ilicks were 
c a r r i e d  o u t  on aqueous s o l u t i o n s  con ta in ing  l e s s  than 2.5 grams each  of 
t a n t a l u n  and r:iobium ?e r  l i t e r .  
izxperiraental D e t a i l s  
Previous  work i n  t h i s  Laboratory showed t h a t  c e r t a i n  organic  s o l v e n t s  
IYC)U~U: p r e f e r e n t i a l l y  e::trac t t a n t a l u n  from a hydrof l u o r i c  a c i d  s o l u t i o n  
o f  t an t a lum and niobium ( 3 0 ) .  Although an excess  of hydro f luo r i c  a c i d  
was always employed i n  t h i s  e a r l y  work, the  e f f e c t s  of varying the  concen- 
t r a t i o n  of niobium, tantalum and hydrofluoric acid  on t he  ex t rac t ion  were 
not generally studied,  Consequent1y)in the  present study several  s e r i e s  
of t e s t s  were ca r r ied  out i n  which the  e f f e c t s  of var iable  ex t rac t ion  
conditions were investigated.  A s e r i e s  of s ing le  s tage and multistage 
extract ions  employing constant aqueous phase conditions was ca r r ied  out  
t o  determine the  e f f e c t  of the composition of organic phase. S imi la r ly  
f o r  a constant  organic phase,extractions were ca r r ied  out f o r  varying 
aqueous phase conditions. Since the  solut ions  of niobium and tantalum 
containing f r e e  hydrofluoric acid  r eac t  with glass ,  other systems were 
investigated,  It was found t h a t  the addi t ion of c e r t a in  amines t o  t he  
hydrofluoric acid  solut ion of niobium and tantalum permits the  prolonged 
use of g lass  equipment f o r  these  ex t rac t ion  s tudies .  
Columbite-tantalite ore,  mined i n  South Dakota, was the  source of 
the  niobium-tantalum mixture employed fo r  t h i s  study. This oxide o r e  
contained the  equivalent of about 65 weight per cent of the  combined 
tantalum and niobium pentoxides a s  well  a s  appreciable amounts of iron,  
titanium, manganese, aluminum, s i l i c o n  and t i n .  It was t r ea t ed  and 
pu r i f i ed  by a caus t ic  fusion followed by sodium hydroxide then n i t r i c  
o r  hydrochloric ac id  leaches of t he  fus ion product. The s o l i d  residue 
containing the  niobic  and t a n t a l i c  acids,  or  ea r th  acids,  was then 
dissolved i n  aqueous hydrofluoric acid. Addition o f  concentrated hydro- 
f l uo r i c  ac id  t o  t he  f r e s h l y  prepared ea r th  acids  res idue resu l ted  i n  a 
niobium- and tantalum s o l u b i l i t y  equivalent  t o  about 530 grams of oxide per 
l i t e r .  However, a  so lu t ion  containing the  equivalent  of only 50 grams 
of oxide per  l i t e r  was obtained when the hydrofluoric acid  was added 
t o  calcined pentoxides of niobium and tantalum. About six o r  seven moles 
of hydrofluoric acid per  mole of niobium o r  tantalum were required t o  
obtain a s t a b l e  f luor ide  so lu t ion  of these elements. The niobium- 
tantalum f rac t ion  i n  t h i s  ore i n  terms of oxides consisted of about 52 
per cent tantalum pentoxide and 48 per cent niobium pentoxide. 
One s tock solut ion of the niobium-tantalum-hydrofluoric acid  mixture 
was prepared. Due t o  t h e  corrosive nature of an ac id  f luor ide  so lu t ion  
it was made up and s to red  i n  polyethylene containers. Most of the  t e s t s  
were ca r r ied  out d i r e c t l y  on t h e  s tock so lu t ion  o r  i t s  various water 
d i lu t ions .  The t o t a l  niobium and tantalum concentration of t h i s  stock 
s o l u t i o ~  was equivalent t o  about 517 grams per  l i t e r  of the  combined pent- - oxides. Based on t h e  average of t he  molecular weights f o r  niobium and 
- tantalum pentoxides, t h i s  represents  about a 1.45 molar solut ion.  The 
t o t a l  a c i d i t y  o r  base equivalent  of 'the stock solut ion was 17:3 moles per  
- l i t e r  while i t s  f luor ide  ion concentration was 15.3 equivalents per l i t e r .  
A large  number of s ing le  and mul'tistage extract ions  were ca r r ied  out  
on t h i s  stock solut ion and i t s  various water and amine solutions.  A fe'w 
s ing le  s tage extract ions  were a l so  made on an aque.ous potassium hydroxide 
so lu t ion  of niobium and tantaliun. A l l  t h e  mult istage extract ions  were 
* 
c a r r i e d  o u t  i n  t h e  coun te rcu r ren t  mu l t i s t age  e x t r a c t o r  i l l u s t r a t e d  i n  
F igu re  1, The d e s i g n ,  assembly and o o e r a t i o n  of  t h i s  e x t r a c t o r  has  been 
d i s c u s s e d  and i l l u s t r a t e d  b y  Wilhelm and 700s (32) .  For t h e  s i n g l e  s t a g e  - 
ext rac t io : l s  of aqueous s o l u t i o n s  conta in ing  cons ide rab le  f r e e  hydro f luo r i c  
ac id ,po lyc thy lene  equipment was engloyed. Ho~vever, when t h i s  a c i d  concen- 
d 
t r e t i o n  wzs low o r  :mine was p r e s e n t  g l a s s  equipment was used. Equi l ib-  - . .rim i n  t h i s  system i s  approached q u i t e  r a p i d l y  s o  the  l i q u i d s  were mixed 
v i g o r o u s l y  €0- o n l y  about  30 seconds. The equi l ibr ium phases were '*. 
s e p a r a t e d  and assayed.  - 
The hydra ted  ox ides  ( o r  hydroxides) of niobium and tan ta lum were 
p r e c i ~ i t a t e d  f r o m  t h e  o rgnn ic  and aqueous nhases hy a d d i t i o n  o f  excess  
anrg.onium hydroxide. Acetone wzs u s u a l l y  added t o  t h e s e  phases  be fo re  
p r e c i p i t a t i o n  t o  a i d  i n  f i l t e r i n g  and recover ing  t h e  niobium and 
t a n t a l u n  compounds. After f  i l t a l - i n # ,  tlie 11yh.a Led uxides were cunver Led 
t o  pentoxides  by  c a l c i n i n g  a t  800 degrees Centigrade f o r  a t  l e a s t  two 
hours .  These pentoxides  were assayed f o r  r e l a t i v e  niobium and tantalum 
con ten t  by x-ray f luo rescence  (33)  and s7ec t rographic  a n a l y s i s  (34) .  
The f i r s t  rnethod was employed f o r  ~ : l i x t u r a s  cnn tn in jne  between 2.0 and 
98 pe r  cen t  niobium and was  accu ra t e  t o  w i t h i n  f 5 p e r  cent. ,  The spec t ro -  
g raph ic  methods o f  F a s s e l  and Krotz (34)  was used f o r  samples con ta in ing  
l e s s  than 2,O p e r  cent  o r  pore than  98 p e r  c e n t  niobium. The accuracy 
- of  t h e  spec t r cg raph ic  r e t h o d s  i n  t h e s e  high p u r i t y  ranges was k 10  pe r  
c e n t  of t h e  minor c o n s t i t u e n t .  I n  a l l  o f  the a n a l y t i c a l  r e s u l t s  on ly  t h e  
con ten t  o f  n iobiun  and  tan ta lum i s  considered. It i s  assumed t h a t  t h e  
t o t a l  percentage  o f  niobium oxide p l u s  tantalum oxide equa l s  100 p e r  cent .  
Sirice a  q u a l i t a t i v e  a n a l y s i s  of t h e  niobium-tantalum f r a c t i o n  which was 
~ s e d  i n  p repa r ing  t h i s  s tock  s o l u t i o n  showed t h a t  i t  conta ined  o n l y  smal l  
amounts o f  i ~ p u r i t i e s , t h e s e  r e l a t i v e  percentages  should a l s o  be f a i r l y  
a c c u r a t e  on t h e  t o t 3 1  oxide weight b a s i s .  A l l  q u a l i t a t i v e  ana lyses  were 
c a r r i e d  o u t  s p e c t r o g r a p h i c a l l y ,  
P o t e n t i o n e t r i c  t i t r a t i n n s  of t h e  s tock  s o l u t i o n  and i t s  v a r i o u s  
water  d i l u t i o n s  wi th  sodiurn hydroxide i n d i c a t e d  t h a t  a t  La pH of 9, a l l  
t h e  hydrogen ions  were r e p l a c e d  by  sodium. Consequent ly~  t h e  t o t a l  
a c i d i t y  o r  base  equ iva l en t  was determined by  a d i r e c t  ac id - t a se  t i t r a -  
t i o n  usiny; p h e n o l ~ h t h a l e i n  a s  t h e  i n d i c a t o r .  Although the magnitude 
of t h i s  value may be somewhat connected w i t h  t h e  niobium and tan ta lum 
con ten t  of t'1e s o l u t i o n , i t  g i v e s  an i n d i c a t i o n  a s  t o  the concen t r a t ion  
o f  h y d r o f l u o r i c  a c i d  i n  t h e  sgsten?, Such d a t a  a l s o  a i d  i n  reproducing 
e x t r a c t i o n  condi t ions .  This  t i t r n t i o n  was a l s o  ecployed f o r  determining 
t h e  t o t a l  a c i d i t y  i n  many of t h e  equ i l i b r ium organic  phases  which had 
been emnloyed i n  t h e  e x t r a c t i o n s .  
De te rx ina t ion  of  t h e  f l u o r i d e  ion  concentr,atior! i n  some of t h e  
aqueous and o rgan ic  phases  was a l s o  d e s i r a b l e  f o r  c h a r a c t e r i z i n g  t h e s e  
s o l u t i o n s .  The nrocedure develoned by Wi l l a rd  and Tiinter (35)  was 
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Results and Discussion 
boceqsing colwqbite-tantabite a re  (36)  
> .  
s * 
. ' A laboratory scale procedure developed i n  the Ams Laboratory f o r  
, processing t h i s  par t icu lar  South Dakota columbite-tantalite ore t o  obtain 
i t s  niobium-tanlalunz f rac t ion  employs f o r  each batch about 10.0 grams of 
the  f ine ly  ground ore. A caust ic  mix tye  consisting 6f 8.0 grams of 
s o d i m  hydroxide and 4.0 g~ams ' of sodium peroxide is heated fo r  30- minutes 
a t  650 degrees Centigrade in the presence.of t h i s  ore. After cooling,- 
: t he i fus ion  product i s  leached with about 300 m i l i l i t e r s  o f .ho t  l o o  molar 
sodium hydroxide. The solution from t h i s  bas ic  leach,which contains 
primarily aluminum, t i n ,  manganese and silicolr, is f i l t e r e d  and discarded. 
The residue fs next leached with a hot solution of abqut 200 m i l l i l i t e r s  
of 5.0 molar n i t r i c  acid containing a trace of hydrogen peroxide. The 
solution from t h i s  acid leach which contains primarily i ron and manganese 
i s  f i l t e r e d  and discarded. A minimum amount of concentrated hydroflwric  
acid is added t o  the residue t o  dissolve the ear th  acids. It requires 
about 5.0 m i l l i l i t e r s  of t he  concentrated hydrofluorie acid  t o  form a 
s t ab l e  so lu t ion  of the  niobium and tantalum from the  ore employed. The 
solut ion Ps recovered from the  unreacted ore  by decantation o r  f i l -  . t r a t i on .  
w 
Table 1 indicates  the weights of each f r a c t i o n  as  oxides obtained 
from processing 10.0 grams of t h i s  columbite-tantal i te ore.. ,<,- 
'Table 1 
. . 
Weights of Various Fractidns from Processing 10.0 Grams of 
a Columbite-Tantalite Ore 
Fraction Weight of oxide 
1. Soluble i n  NaOH leach .- . .. 
(ppt. with H N O ~ - N H ~ O H )  ' = l .57 g. 
2. Soluble i n  HNO + H202 leach 
8 (ppt. with NH4 H) = 1.60 g. 
3. Soluble i n  HE' leach 
(ppt. with NH40H) , 
4. Insoluble unreacted ore  = 0.32 g. 
. . 
Total  10.62, g. . 
Some work t o  be described l a t e r  was ca r r ied  out with a potassium 
hydroxide so lu t ion  of niobium and tantalum. This solution,which contained 
, an equivalent of 65 grams of combined oxides per  l i t e r ,was  prepared by 
dissolving the  ea r th  acids  obtained i n  s t ep  2 of Table I i n  about two 
molar potassium hydroxide. 
- A qua l i t a t i ve  analysis  of t he  niobium-tantalum oxide fraction,which 
was p rec ip i ta ted  from t h e  hydrofluoric ac id  so lu t ion  with ammonium 
hydroxide, indicated strong amounts of niobium and tantalum, weak amounts 
- of s i l i con ,  t i n ,  and titanium, very weak amounts of aluminum, i ron and 
manganese and.a t r ace  of sodium. It can be seen from Table 1 t h a t  the  
ore  used f o r  t h i s  example contained about 67 per cent of the t o t a l  a s  
niobium and tantalum oxides, A s  reported above,about 52 per  cent  of  t h i s  
f r ac t i on  was tantalum oxide and about 48 per cent niobium oxide. 
S i n g l e  s t a g e  e x t r a c t i o n s  - 
E x t r a c t i o n  of  t h e  s t o c k  s o l u t i o n  o r  i t s  water  d i l u t i o n s  
k l a r g e  number o f  s i n g l e  s t a g e  e x t r a c t i o ~ s  were c a r r i e d  o u t  
errploying t h e  p r e v i o u s l y  d e s c r i b e d  s tock  s o l u t i o n  o r  i t s  v a r i o u s  water  
d i l u t i o n  a s  t h e  aqueous f e e d ,  -411 of t h e s e  e x t r a c t i o n s  employed equal  
volumes o f  t h e  i n i t i a l  aqueous and o rgan ic  phases.  The d a t a  f o r  t h e s e  
e x t r a c t i o n s  which ap?ear i n  Table 2 a r e  c l z s s i f i e d  according t o  t h e  
g e n e r a l  c l a s s  o f  o rgan ic  s o l v e n t ,  Each o rgan ic  c l a s s  i s  sub-divided 
a l p h a b e t i c a l l y  i n t o  i t s  v a r i o u s  cocnounds. The d a t a  f o r  e x t r a c t i o n  w i t h  
t h e  mixed orgznic  s o l v e n t s  a r e  g i v e n  i n  t h e  l a s t  s e c t i o n  of Table 2. 
Fo r  each "sins:le s t a g e  e x t r a c t i n n  t,he d?f,a j,nclude t h e  ~ornpos i t i on  o f  t h e  
o r g a n i c  phase, t h e  p e r  cen t  s tock  s o l a t i o n  a s  aqueous f eed ,  tohe a n a l y s i s  
o f  t he  pentoxides  recovered  f r n n  t h e  equ i l i b r ium o rgan ic  and aqueous 
phases,  t h e  niobium and t an t a lum d i s t r i b u t i o n  c o e f f i c i e n t s ,  t h e  tantalum- 
niobium s e p a r a t i o n  f a c t o r ,  t h e  mass t r a n s f e r  a s  oxide t o  t h e  o rgan ic  
phase, a n d , t h e  p e r  cen t  o f  t o t a l  tantalirm a s  oxide t r a n s f e r r e d  t o  t h c  
o r g a n i c  chase.  The p e r  cen t  s tock  s o l u t i o n  a s  t he  aqueous phase r e f e r s  
t o  i t s  d i l a t i o n  w i t h  water.  A s  an example, t h e  22 p e r - c e n t  s tock s o l u t i o n  
aqueous phase m e a n s . t h a t  22 l ~ l i l l i l i t e r s  of t h e  s tock  s o l u t i o n  was d i l u t e d  
t o  100  m i l l i l i t e ~ s  w i t h  water  and then  employed a s  t h e  aquecus feed.  It 
shou ld  be emphasized t h a t  i n  t h e s e  d a t a  t h e  niobium and tantalum oxide  
a r e  assumed equal  t o  100 pe r  c e n t ,  E r r o r s  i n  sample p r e p a r a t i o n  and 
ana lyses  probably e x p l a i n  why t h e  d a t a  f o r  t h r e e  o f  t h e  e x t r a c t i o n s  
shov~ed s l i g h t l y  more than  100  p e r  cen t  o f  t h e  tan ta lum oxi-de t o  be  re- 
covered from the  equ i l i b r ium o rgan ic  ~ h a s e ,  
The o r z a n i c  s o l v e n t s  e rp loyed  f o r  t hese  niobium-tantalun;. e x t r a c t i o n s  
a r e  l i s t e d  i n  Table 2 and inc lude  a l coho l s ,  aldehydes, amines, e s t e r s ,  
e t h e r s ,  hydrocarbons, ha logenated  hydrocarbons, ketones,  o rganic  phos- 
pha te s ,  o rgan ic  phosphi tes ,  mixed o rgan ic  s o l v e n t s  and a  few miscel laneous 
com~ounds. In  a l l  cases,tvhenever t h e r e  was t r a n s f e r  t o  t h e  o rgan ic  phase 
a  cons ide rab le  p re fe rence  f o r  t an t a lum was ev iden t ,  This  i n v e s t i g a t i o n  
showed t h a t  a  g r e a t  number of  common water-immiscible o rgan ic  compounds 
s e p a r a t e  t a n t a l u n  from niobium when t h e s e  e lements  a r e  t o g e t h e r  i n  a  hydro- 
f l u o r i c  a c i d  s o l u t i o n .  
A 3  a  g e n e r a l  c l a s s  Lhe ke tones  appeared t o  be t h e  most e f f e c t i v e  
o rgan ic  c o q o u n d s  f o r  e x t r a c t i n g  pure tan ta lum and o b t a i n i n g  h i s h  tantalum- 
niobium s e p a r a t i ~ n  f a c t o r s .  The d a t a  f o r  t h e  ketone e x t r a c t i o n s  of t he  
22 p e r  c e n t  s t o c k  s o l u t i o n  i n d i c a t e  t l ia l  some of  them e x t r a c t  app rec i ab le  
q u a n t i t i e s  of h igh  p u r i t y  tantalum. lhes i ty l  oxide,  isophorone and cyclo- 
hexanone i n  one c o n t a c t  o f - t h i s ' a q u e o u s  phase e x t r a c t e d  about 94 p e r  cen t  
o f  t h e  t o t a l  tarkalum. Tne amounts of  niobium oxide  i n  t h i s  tan ta lum a s .  
ox ide  were 0.2, 0.7 and 2.4 pe r  c en t , r e spec t i ve ly~v~h i l e  t h e  c a l c u l a t e d  
tantalum-niobium s e p a r a t i o n  f a c t o r s  were 4180, 3000 and 726, r e s p e c t i v e l y ,  
Table 2 I I 
S i n g l e  S t age  E x t r a c t i o n s  of t h e  Aqueous , S t o c k ~ S o l u t i o n  o r  Its Water 
D i l u t i o n s  by Various Organic So lven t s  
A q .  f e ed  Equi l .  a n a l .  Ta -Nb $ P 
Organic t o t a l  t o t a l  Ex t .  - $ $ Ta205 K ~ a  K ~ b  Sepn. oxide Ta205 i n  no . .  "phase  S tock  f a c t o r  weight ' o r g .  
s o l n .  Aq. Org. i n  org .  
A .  Alcohols  
1.Amyl a l c o h o l  22 
, 2.Amy;l a l c o h o l  
3.Amyl a l c o h o l  
4 .Benzyl '  a l c o h o l  22 
5 .Buty.l a l c o h o l  (n)  . 2 2  
6.Butyl  a l c o h o l  
7 ,Buty l  a l c o h o l  
8 .Di - i sobuty l -  c a r b i n o l  22 
9 .Heptanol-3 22 
10.Methyl amyl c a r b i n o l ,  22 
11 .Methyl n-hexyl 
c a r b i n o l  22 
12.Methyl p ropy l  
c a r b i n o l  22 
13 .Octyl  a l c o h o l  ( i s o )  22 
14,Oleyl  a l c o h o l  22 
L5.Pentasol-27" 100 
* 
A mix ture  of i somer ic  amyl a l c o h o l s  wi th  t h e  primary a l c o h o l s  composing about  70 
p e r  c e n t .  
I-' 
w 
Table 2 (continued) 
A q .  feed Equil. a n a l .  Ta -Nb . $  % 
Ext . Organic , t o t a l  t o t a l  P $ ~ a ~ 0 ~  %a K ~ b  se ine  oxide . Ta205, i n  no. phase Stock f a c t o r  weight org. 
soln. A q .  Org* i n  org. 
. 
B. Aldehydes , . .  
16.Butyraldehyde n . 100 42.0 98.6 0.607 0.00635 96 20.6 ' 39.0 
17 .Butyra ldehyde [ I  n 25 42.9 99.7 0.530 0.00114 465 17.6 33.7 
18,Crotonaldehyde 25 10.3 95.4 8.89 0.0483 183 48.7 89.5 
1g.Furfural 22 14.3 98.4 5.25 0.0147 358 45.6 86.3 
20 ,Hepta ldehyde 25 53.5 I.S. - - - 0.62 - - 
21. Para  ldehyde 25 49.5 98.4 0.237 0.00373 64 8.6 16.3 
C.  Amines 
22 .Ani l ine 22 15.9 66.7 11.3 1.06 11 73.5 94.4 
23.Phenyl ethyl 
ethanolamine 22 48.8 81.0 0.647 0.145 4.5 20.9 32.5 
24 .Toluidine 22 13.9 .59.8 31.6 3.44 9.2: 88.7 102 
25.Toluidine 22 15.2 70.1 11.3 0 -865 13.1 70.1 94.6 
26. 0 - T O ~ Y  i 
D. Esters 
27 .Benzyl acetate 22 53.5 - - - - 0 0 
28.n-Butgl d- 
t a r t r a t e  22 39.1 98.1 0.686 0.00856 80 26.2 49.3 
29 .Diethy1 carbonate 22 53.5 . 99.5 0.0123 O.OOOO~O6 136 0.63 1.21 
30 .Diethy1 oxalate 22 51.5 99.6 0.177 0.000557 2 10 5.48 10.5 
I.S. = Insufficient sample..  
/ 3 
Table 2  (cont inued)  
Aq. feed E q u i l ,  a n a l .  Ta -Nb t o t a l  t o t a l  
Ex t  . Organic' ox ide  Ta20g i n  
no.  phase $ % Ta20 5  Sepn . weight  o r g .  
s t o c k  K ~ b  f a c t o r  i n  org:  
s o l n .  Aq. Ore;.  . .  
D. Esters (cont inued) .  
31 .Diethy1 p h t h a l a t e  22 52.5 99.4 ,0.0922 0.000557 160 5-10 9.82 
32.Ethyl  a c e t o a c e t a t e  100 . 9.64 90.4 6.18 0.126 49 58.3 101 
33.Ethyl  ace toace t ake  50 12.4 94.7 5.71 0.0452 127 48.2 87.7 
34.Ethyl  a c e t o a c e t a t e  22 19.6 97.1 3.52 0.0261 135 42.9 79.7 
35 ,Ethyl  s a l i c y l a t e  22 53.9 . - - - - 0 . 0  
36.PIethyl henzoate  22 53.5' I.S. - - - 1.03 - . ,'I2 
2.46 4.63 C3 37 . T r i b u t y l  c i t r a t e  22 53.5 97.7 0.0440 0.00119 37 I 
464 m 38 . T r i e t h y l  c i t r a t e  22 21.9 99.2 2.48 0 000535 38.1 72.7 \O c 
3g.Tripropyl  c i t r a t e  22 49.7 94.7. 0.237 0.0131 18.1 11.7 21.3 
E. E t h e r s  
40 .Dibu=yl e t h e r  
41.Diethyl  e ther  
42.Diethyl  e t h e r  
43.Di-isopropyl 
e ther  
44.Diphenyl ether 
45 .Methyl phenyl 
e ther  
F. Xetones 
46.Cyclohexanone 
47.Diethyl  ketone 
Table 2 (continued) 
Aq. feed Equil . - an.3 1. Te -Nb $ % 
. .- t o t a l  t o t a l  
Ext . Organic % . ' S  Ta205 K ~ b  Sepn. o,xide Ta205 i n  no.  phase Stock ' factor  weight  org. 
eoln. Aq.. Org. i n  org. 
F. Ketones (continued) 
48 .Diethy1 ketone 80 7.06 97.2 9.16 
4g.Diethyl ketone 60 10.0 99.0 6.70 
SO .Diethy1 ketone 40 17.2 99.6 4.04 
51.Diethyl ketone 20 24.5 99.87 2.52 
52.Diethyl ketone 10 31.4 99.93 1.61 
53.Diethyl ketone 5 38.4 99.96 0.9107 
54 .Diethy1 ketone 2.5 45.2 contam- - 
i n a t i o n  
55.Di-isobutyl ketone 22 54.6 99.3 0.208 
56.Di-isopropyl ketone 100 26.4 98.8 1.60 
57.Di-isopropyl ketone 22 41.8 99.89 0 ~ 5 0 4  
58 .Heptanone-2 22 37.0 99.90 0.950 
59.Heptanone-3 22 48.4 99.90 0.345 
60 .Heptanone-4 22 50.6 99.3 0.258 0.00177 146 12.1 23.2 
61. Isophorone 100 2.90 95.7 22.0 0.0297 740 51.5 95.0 
62. Isophorone 22 4.71 99.3 17.0 0.00565 3000 49.0 93.7 
63 .Mesityl oxide 22 8.57 99.8 8.96 0 .00215 4180 46.4 93.5 
64 .Methyl e thyl  
ketone 100 12.4 78.3 5.65 0 .222 25 62.8 93.2 
65.Methyl e thyl  
ketone 75 12.4 87.1 6.70 0.141 48 54.4 90.5 
66.Methyl ethyl 
ketone 50 13.9 88.7 6.49 0.133 49 51.9 88.5 
Table 2 ( c o n t i n u e d )  
Aq. feed Equil. a n a l .  Ta -Nb % $ 
t o t a l  t o t a l  
E x t  . Organic $ % Ta205 Sepn. oxide Ta 0 sin no.  phase stock 2 5 KNb factor  weight org. 
s o l n .  A q .  Org. i n  org. 
F. Ketones (continued) 
67 .Methyl e thyl  
ketone 22 15.9 93.6 6.70 0.0875 77 4 8 . 3  87.0 
68.Methyl n-hexyl 
ketone - 100 30.3 99.1 1.27 0.00492 259 34.1 64.6 
69 .Methyl n-hexyl 
ketone 22 40.0.. 99.87 0.645 0.000540 1200 21.2 40.7 
70.Methyl i s o b u t y l  
ke t0n.e 22 24,O 99.1 1.95 0 .00546 657. 34.0 64.8 
71 .Methyl i s o p r o p y l  
ke tone  22 24.5 99.7 3.00 0.00304 990 43 .7 84.2 
.72;Methy I phenyl 
ketone 22 30.7 99'.4 1.28. 0.00335 382 3'1.1 59.5 
73 ;2,4 Pentanedione 22 26.8 98.2 2.56 0.0177 145 36.3 68.5 
G. Phosphates 
74 .Tributoxyethyl 
phosphate 22 5.79 95.4 14.7 0.0442 333 51.6 94.8 
75.Tributyl phosphate 22 1.68 95.4 53.1 0.043e 1200 53.2 97.6 
76.Tri-2-ethylhexyl 
phosphate 22 25.9 98.9 2.59- 0.0117 222 42.7 82.0 
H. Phosphites 
77.Di-2-ethylhexyl 
hydrogen phosphite 22 17.6 94.2 4.46 0 .0586 
I 
Table 2 (Continued) 
Aq. f eed  Equ i l .  a n a l .  Ta -Nb % 8 
Ext  . Organic t o t a l  t o t a l  
phase  % $ Ta205 Sepn. oxide Ta 0 i n  no, s t o c k  2 5 , f a c t o r  we igh t  org .  
s o l n .  Aq. Org. In  org.  
H.  Phosphi tes  ( ~ o n t  inued)  
phosphi te  22 '29.9 99.7 1.76 0.00204 
7g .Tr i - i sooc ty l  
865 38.5 73.9 
phosph i t e  22 23.0 98.0 2.84 0,0172 166 - 45.1 85.0 
f .' Miscel laneous 
80.carbon d i su l f j .de  
81.Chloroform 
62.Heptane 
83.fsoamyl n i t r i t e  
84.Nitrobenzene 
85 .T r i ch lo roe thy lene  
86. Toluene 
J. Mixed So lven t s  
87.40% Acetone + 60% 
d i e t h y l  ketone 
88.25% Acetone + 75% 
d l - i s o b u t y l  ketone 
89.40% Acetone + 60% 
d i - i sop ropy l  ketone 
I t ; '  
I .  
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Table  2  (cont inued)  
A q .  f e ed  Equi l .  ana l .  Ta -Nb % % 
t o t a l  t o t a l  Ext  . Organic % $ Ta205' 'T!a K ~ b  Sepn. oxide Ta205 i n  no. phase s t o c k  f a c t o r ,  weight orgo 
soln, A q .  Org. i n  org.  
J. Mixed So lven t s  (cont inued)  
90.25% Pr imene  81-T + 
75% d i e t h y l  ketone*" 22 1 0 5 1  60.6 288 2.88 100 
91. i2.5$ Primene 81-T - - 
+ 87.54$ d i e t h y l  
ke tone  - 
92.5% Primene JM-T + 
- 
95% d i e t h y l  
ketone*** - 
93.255 Primene JM-T + 
75% d i - i s o b u t y l  
ketone 22 2.26 81.3- 55-7 0.349 159 
94.25% Primene JM-T + 
75% heptane 22 . 13.9 79.7 8.35 0.342 24 
95.5% Primene JM-T + 
95% heptane 22 43.7 97.9 0.409 0.0675 6 1  
** 
A t e c h n i c a l  grade amine mixture of h igh ly  brapched primary amines having a  t e r t i a r y  
a l k y l  s t r u c t u r e  w i t h  t h e  number of carbon atoms p e r  molecule vary ing  p r i n c i p a l l y  
from 12  t o  15.  
**+ 
A primary amine s i m i l a r  i n - s t r u c t u r e  t o  Primene 81-T w h i l e  c o n t a i n i n g  e s s e n t i a l l y  
18 t o  24 carbon atoms pe r  molecule. 
f o r  t h e s e  o rgan ic  l i q u i d s ,  It i s  apoarent  from t h e s e  da t a  t h a t  a  two o r  
t h r e e  s t a g e  e x t r a c t i o n  p roces s  employing t h e s e  s o l v e n t s  would y i e l d  q u i t e  
pu re  t an t a lum and niobium w i t h  high r e c o v e r i e s  of  each. 
Many o t h e r  ke tones  e x t r a c t e d  pu re r  tan ta lum from t h e  22 p e r  cen t  
s.:,ock s o l u t i o n  t h z n  was e x t r a c t e d  by t h e s e  t h r e e  ketones.  Alt l~ough t h e  
p u r i t i e s  were g rea t e r ,  t he  q u a n t i t i e s  o f  tan ta lum e x t r a c t e d  were l e s s .  
Heptanone-2 and heptanone-3 e x t r a c t e d  about  5% and 29 per  ce l~ t , r e spec -  
t ive1y)o . f  t h e  t o t a l  tantalum wi th  a  p u r i t y  of  99,90 p e r  cent .  
Di- isopropyl  ke tone  e x t r a c t e d  35 p e r  c e n t  o f  t h e  tan ta lum wi th  a  p u r i t y  
o f  99,09 p e r  c e n t  t an t a lum ox ide  i n  t h e  recovered oxide. About 7 4  p e r  
c e n t  o f  t h e  t a n t a l m  w i t n  a  recovered oxide  p u r i t y  o f  99.87 p e r  cen t  
was e x t r a c t e d  by  d i e t h y l  ke tone  whi le  84 p e r  c e n t  of  t h e  t a n t a l u m  g iv ing  
an oxide  p u r i t y  o f  99,7 pe r  c e n t  was t r a n s f e r r e d  i n t o  methyl i sop ropy l  
ketone.  Akthyl n-hexyl, methyl i s o b u t y l  (hexone) and methyl phenyl 
ke tone  (acetophenone) e x t r a c t e d  41, 65 and 60 p e r  cen t  of t h e  t o t z l  
tantalum, r e s p e c t i v e l y ,  w i t h  r ecove red  ox ide  p u r i t i e s  of 99.1, 99.87 and 
99 4 p e r  c e n t  t a n t a l G  oxide .  Di-isobutyl lcetone and heptanone-& a l s o  
e x t ~ a c t e d  t an t a lum con ta in ing  l e s s  t han  1 .0  pe r  cent  niobium a l though 
in s r r ~ a l l  amounts. A s  is  apparent  from Table 2,  t h e  only  ke tones  which I 
d i d  n o t  e x t r a c t  tantalum v ~ i t h  an oxide  p u r i t y  o f  99 pe r  c e n t  o r  b e t t e r  
from t h e  22 p e r  cen t  aqueous stoc!c s o l u t i o n  was methyl e t h y l  ketone,  
2,L pentanedione and cyclohexanone. 
Comparison o f  t h e  d a t a  f o r  t h e  ke tones  above i n d i c a t e s t h a t  c e r t a i n  
molecular  s t r u c t u r e  f e a t u r e s  o f  an  o ; . g~n ic  co,?rpound a f f e c t s  i t s  ex-trac- 
t i o n  behavior .  As a g e n e r a l  rule,  t h e  loiver molecular weight ke tones  i n  
a  homologous s e r i e s  t r a n s f e r r e d  rcore tantalum. The p u r i t y  of  t h e  
recovered  oxides  was a s  good o r  b e t t e r  than  t h e  h igher   embers o f  t h e  
s e r i e s ,  From t h e  d a t a  f o r  methyl e t h y l ,  n e t h y l  i sopropyl ,  methyl 
i s o b u t y l ,  n e t h y l  amyl and methyl n-hexyl ketone i t  i s  ev iden t  t h a t  t h e  
t an t a lum and niobium d i s t r i b u t i o n  c o e f f i c i e n t s  and p e r  c e n t  mass t r z n s -  
f e r s  decreased  w i t h  i n c r e a s e d  molecular  -cj-eight o f  t he  organic .  The 
p u r i t y  o f  t h e  r ecove rab le  tantalum i n  t h e  o rgan ic  phase remained 
above 99 per  cen t  and t h e  tantalum-niobium s e p a r a t i o n  f a c t o r  above 600 
f o r  a l i  o f  t h e s e  o r g a n i c  compounds except  methyl e t h y l  lcetone. Com- 
p a r i s o n  o f  t h e  d a t a  f o r  d ip ropy l  ke tone  (heptanone-4) and d i - i sopropyl  2; 
ketone  xvould i n d i c a t e  t h a t  t h e  branched cha in  imoroves mass t r a n s f e r  and 
s e p a r a t i o n  f a c t o r ,  'The d a t a  f o r  t h e  2 ,  3 and h heptanones i n d i c a t e  
t h a t  a s  t h e  ke to  group agproaches t h e  end o f  t h e  cha in  t h e  rnass t r a n s f e r s  - 
arid s e p a r a t i o n  f a c t o r s  i n c r e a s e ,  The e f f e c t  o f  unsa tura . t ion  is  i l l u s t r a t e d  
b y  c ~ m p a r i n g  t h e ,  e x t r a c t a b i l i t y  o f  t h e  tzn ta lum by mes i ty l  oxide (methyl 
i s o b u t y l e n e  ke tone)  a n d  methyl i s o b u t y l  ketone. It is apparent  t h a t  i n  - 
t h e  presence  of t h i s  double bond s t r u c t u r e  t h e  amount and p u r i t y  of  t h e  
t an t a lum t r a n s f e r r e d  t o  t h e  o rgan ic  phase were increased .  
The dat.2 i n ' T a b l e  2 i n d i c a t e  f u r t h e r  t h a t  a few pure  o rgan ic  s o l v c n t s  
o t h e r  thzn  ketones e x t r a c t e d  tan ta lum con ta in ing  l e s s  t h a n  one pe r  cent  
niobium from an approximately 22 per cent stock solution.  These organic 
compounds were d ie thy l  carbonate, d i e  thy1 oxalate, d ie thy l  ' phthalate,  
t r i e t h y l  c i t r a t e ,  tri-2-ethylhexyl phosphite and n-butyraldehyde. However, . 
the  f i r s t  three of these .compounds each extracted l e s s  than 11 per cent 
nC the  t o t a l  tantalum6 The l a s t  th ree  of these organic l i q u i d s  extracted 
73, 71, and 34 per, r e spec t i ve ly~  and it i s  apparent t h a t  only these  com- 
pounds compared favorably with most of t h e  ketones f o r  obtaining high 
pu r i t y  tantalum in  high yie lds .  
The alcohols a s  a general c l a s s  of organic compounds yielded 
separation fac tor ,  d i s t r i bu t i on  coef f ic ien t  and mass t r ans f e r  data which 
indicated t h a t  they could be employed e f f ec t i ve ly  f o r  separating niobium 
and tantalum. Generally the  separation f ac to r s  var ied from 5'0 t o  200 
while appreciable material  was extracted by t h e  organic phase. In  most 
cases the  same general trends i n  regard t o  s t ruc ture  and s i z e  of the  
alcohol molecule were observed a s  reported f o r  the ketones. A s  the  
posi t ion of t h e  hydroxy group i n  secondary alcohols approached the end of 
the  molecule,the tantalum-niobium separation fac tor  and mass t r a n s f e r  
increased. Secondary alcohols appeared t o  give b e t t e r  r e s u l t s  than p r i -  
mary alcohols except f o r  sec-butyl alcohol which was qu i te  soluble i n  
t h i s  aqueous phase. A comparison of t he  data f o r  corresponding alcohols 
and ketones ind ica tes  t h a t  the  alcohols gives somewhat g rea te r  mass 
t rans fe rs  to  the organic phase and considerably lower tantalum-niobium 
separation fac tors ,  
The few aldehydes t h a t  were used t o  ex t r ac t  th.is d i lu ted  stock 
solut ion ind2cated i n  general a f a i r l y  good separation of tantalum from 
niobium. Crotonaldehyde,which has the  same formula a s  butyraldehyde- 
'.except f o r  a carbon t o  carbon double bond i n  the  2, 3 position, ex t rac ted  
more tantalum but of lower p u r i t y  than butyraldehyde. 'In lkght  of the 
data f o r  the  heptanones,it might be expected t h a t  butyraldehyde with a 
carbonyl'group a t  t h e  end of  the  molecule would y i e l d  a high mass trans- 
f e r  and a high tantalum-niobium separat ion factor .  However, it extracted 
a r e l a t i v e l y  small amount of high p u r i t y  tantalum. Commercial..grade 
fu r fu r a l  yielded a tantalum-niobium separation f ac to r  and mass t r a n s f e r  
which would work very e f f i c i e n t l y  i n  a l a r g e  scale  mult istage ex t rac t ion  
process. . . . . 
The e s t e r s  w i t h  t h e  exception of n-butyl d - ta r t ra te ,  e thy l  aceto- - ace ta te  and t r i e t h y l . c i . t r a t e  extracted l e s s  than 12 per  cent of the  
material  from the,.22.per cent stock solut ion,  Benzyl ace ta te  and e thy l  
s a l i cy l a t e  f a i l e d  t o  ex t r ac t  .any detectable  tantalum o r  niobium.. Com- - parison of the  data f o r  t r ibutyl , ,  t r ip ropy1  and t r i e t h y l  c i t r a t e  
indicated t h a t  the  shor te r  the a lky l  group t h e  higher t h e  mass t r ans f e r  
and separation f a c t o r .  1n  genera1,most of the  e s t e r s  do not  appear 
p r ac t i c a l  f o r  separating niobium and tantalum on a l a rge  scale .  
Only d ie thy l  e ther  of the e the r  organic c l a s s  t h a t  was t e s t e d  
e x t r a c t e d  anpreciab1.e q u a n t i t i e s  of  m a t e r i a l  Trom t h e  d i l u t e d  s t o c k  
s o l u t i o n s .  Most of t h c  e t h e r s  appear  no t  t o  e x t r a c t  any niobium o r  
t an t a lum a l though a l coho l s  and ke tones  wi th  a  s i l ~ i l a r  number of  carbon 
atoms e x t r a c t  app rec i ab le  amounts. No reason i s  known f o r  t h i s  somewhat 
anomalous behavior ,  
O f  a l l  the  o r g a n i c  compounds t e s t e d  t h e  water - inmisc ib le  amines 
g e n e r a l l y  t r a n s f e r r e d  t h e  r o s t  m a t e r i a l  t o  t h e  organic  phase, It i s  
assumed t h a t  t h e  amine s a l t s  of  t h e  f l u o t a n t a l i c  and f luon iob ic  a c i d  a r e  
formed and e x t r a c t e d ,  Although t h e  mass t r a n s f e r  was h i g h , t h e  s e p a r a t i o n  
f a c t o r s  were low. It i s  ev iden t  from t h e  d a t a  t h a t  f o r  t h e  amines t e s t e d  
t h e  h i g h e s t  tantalum-niobium s e p a r a t i o n  f a c t o r  was 15 whi l e  a s  much a s  
89 p e r  c e n t  of the m a t e r i a l  e q r e s s e d  a s  oxides  wa.s t r a n s f e r r e d  t o  t h e  
o rgan ic  phase. Although t h e s e  amines do n o t  appear  p r a c t i c a l  f o r  t h e  
s e p a r a t i o n  of  niobium fron; teatelurn i n  hydro f luo r i c  a c i d  so lu t ion ,  they  
might  b e  u s e f u l  f o r  p u r i f y i n g  niobium-tantalum mixtures  by e x t r a c t i n g  them - 
comple,tely i n t o  t h e  o rgan ic  phase and away from o t h e r  impur i t i e s .  
The o rgan ic  phosphates  and phosphi tes  e x t r a c t e d  a3prec i ab le  q u a n i t i e s  
o f  niobium and t an t a lum from t h e  d i l u t e  aqueous s tock  s o l u t i o n .  A com- 
p a r i s o n  o f  t h e  da t a  f o r  t h e  t r i -2-ethyhexyl  phosphate and phosphi te  
i n d i c a t e s  t h a t  t h e  l a t t e r  g ives  a  ixuch h ighe r  s e p a r a t i o n  f a c t o r  and a  
h ighe r  r e l a t i v e  t a n  talum p u r i t y  i n  the  equ i l i b r ium o rgan ic  phase. How- 
ever ,  t h e  phosphate c o v o u n d  e x t r a c t s  app rec i ab ly  more tantalum. # 
T r i b u t y l  phosphate gave a  v e r y  f avo rab le  tantalum-niobium s e g a r a t i o n  
f a c t o r  end a  f avo rab le  mass d i s t r i b u t i o n ,  I n  general,  t he  o r g a n i c  nhos- 
p h a t e s  and phosph i t e s  appear  t o  be  q u i t e  11sefu.1 f o r  s e p a r a t i n g  tantalum 
from niobium from t h e i r  aqueous hydro f luo r i c  a c i d  s o l u t i o n .  
It i s  apparent  from Table 2 t h a t  a romat ic  and a l i p h a t i c  hydrocarbons 
a s  w e l l  a s  c h l o r i n a t e d  hydrocarbons do n o t  e x t r a c t  de t ,ec tah le  g.mounts o f  
niobiurn o r  tan ta lum from t h e  d i l u t e d  s tock  so lu t ion .  Carbon d i s u l f i d c ,  
n i t robezene  and isoarayl n i t r i t e  a l s o  appeared i n e r t .  
The e x t r a c t i o n s  employing mixed o rgan ic  s o l v e n t s  were c a r r i e d  ou t  
i n  a n  a t t empt  t o  combine t h e  f avo rab le  p r o p e r t i e s  o f  t h e  so lven t s .  S ince  
t h e  low n o i e c u l a r  weight  ke tones  appeared e f f e c t i v e  f o r  s e p a r a t i n g  t an t a -  
lum from niobium, a  mixture o f  ace tone  and an i m i s c i b l e  low molecular  
weight  ketone was employed f o r  e x t r a c t i o n ,  Unfor tuna te ly  ace tone  a c t e d  
l i k e  met* e t h y l  ketone by i n c r e a s t n g  mass t r a n s f e r  t o  t h e  o rgan ic  
phase w h i l e  dec reas ing  t h e  tants lu~z-niobium s e p a r a t i o n  f a c t o r  and p u r i t y  
o f  t h e  t a n t a l u ~ ,  
S i n c e  amines were known t o  i n c r e a s e  mass d i s t r i b u t i o n  t o  t h e  o rgan ic  
phase, Primene 81-T and Primene JIlil-T were added t o  v a r i o u s  o rgan ic  s o l -  
v e n t s ,  I n  a l l  c a ses  t h e  t r a n s f e r  t o  t h e  o rgan ic  phase inc reased  w i t h  
a d d i t i o n  o f  the  Primenes wh i l e  t he  t a n  talum-niobium s e p a r a t i o n  f a c t o r s  
and p u r i t y  of tantalcrc  decreased,  The a d d i t i o n  of t he  Primenes t o  heptane 
o r  di-isobutyl ketone r e su l t ed  i n  a considerable amount of t r ans f e r  t o  
the  organic phase with some separation.  It is believed t h a t  t he  presence 
of these anines would cause considerable ex t rac t ion  of tantalum and 
niobium from t h e i r  hydrofluoric acid  so lu t ion  by many otherwise i n e r t  
o~ganic \ so lven ts  with some separat ion of tantalum from niobium. 
\ 
In  the  above discussion only t he  e f f ec t s  of organic solvents i n  
extract ing tantalum from niobiuni have been considered, Studies  on 
var ia t ions  of t he  aqueous hydrofluoric ac id  solut ions  indicated t h a t  i t s  
composition was very important i n  obtaining a successful  separation 
process, The s ingle  s tage data reported i n  Table 2 fo r  extr ,action of  
the  stock so lu t ion  and i t s  various water d i lu t ions  i l l u s t r a t e  the  e f f e c t  
of changing so lu te  concentrations although t h e i r  r e l a t i v e  concentration 
values remain constant. For t he  s ing le  s tage extract ions  rep0rte.d i n  
Table 3 the hydrofluoric acid  concentration mas kept constant while the 
%o ta l  concentration of nio6ium and tantalum was varied.  The s ing l e  s tage 
data i n  .Table 4 indicate  the  e f f ec t  of varying t he  hydrofluoric acid  
concentration a t  a constant concentration of niobium and tantalum. 
Figure 2 shows the  var ia t ion  of mas3 t r ans f e r  with per cent stock 
so lu t ion  f o r  extract ions  with methyl e thy l  ketone, d ie thy l  ketone and 
e thy l  acetoacetate.  For these  organic solvents as  wel l  a s  a l l  the  others  
t e s t ed  the per' cent of mater ia l  t r ans fe r red  t o  the organic phase de- 
creased with per  cent stock solution.  The percentage of the t o t a l  
tantalum extracted by t h e  organic phase showed .a s imi la r  trend. It is  
apparent from Figure 2 t h a t  as the  concentration of the  stock so lu t ion  
decreased below 20 per  cent  the  mass t r ans f e r  t o  d i e thy l  ketone decreased 
ma~kedly. 
From Figure 3 it can be noted t h a t  the material  extracted by d ie thy l  
ketone contained higher pu r i t y  tantalum a s  t h e  per cent stock so lu t i on  
and mass t rans fe r  shown i n  Figure 2 decreased. These d i l u t i on  e f f ec t s  
were observed f o r  a l l  the organic l i qu id s  so tcsted.  The grea t e s t  r a t e  
of change i n  percentage niobium oxide recovered from t h e  organic phase 
occupred i n  t h e  ex t rac t ion  of t he  50 to 80 per  cent stock solution.    he 
tantalum which was extracted from the  5.0 per  cent stock solut ion by 
diothyl  lcctonc contained only 360 ppm niobium. 
A s  the  per cent stock so lu t ion  decreased-the tantalum-niobium 
separation f ac to r s  increased, Figure 4, which shows t h i s  re la t ionsh ip ,  
ind ica tes  t h a t  f o r  an.extremely d i l u t e  stock solut ion the  separat ion 
f a c t o ~ s  would approach i n f in i t y .  According t o  t he  laws of heterogeneous 
equilibrium when f i n i t e  volumes of solut ions  containing f i n i t e  amounts 
of niobium and tantalum a r e  extracted,  then there  w i l l  be f i n i t e  amounts 
of niobium and tantalum i n  both phases. The equilibrium organic phase 
could not  become f r e e  of niobium by a p r a c t i c a l  ex t rac t ion  process. How- 
ever l the  niobium concentration might go below the limit of ana ly t i c a l  
detection,  consequent1y)for p r a c t i c a l  purposes the  product extracted by 
Table .3 . - 
S i n g l e  .Stage Ex t rac t ions  of a 12.8' ~ o l a r  HF s o l u t i o n  of 
Niobium and Tantalum , w i t h . D i e t h y l  Ketone 
I n i t i a l  Equ.J.1, a n a l .  
Aqir;;ase 
pentoxide /  ,Ta205 
l i t e r  
Sepm . 
f a c t o r  
$ 
ko ta  1 
oxide 
weight 
i n  org.  
- Aq. . erg . 
, 
+ .. .' 
Calcula ted  va.lue. 
Table 4 
Sing le  Stage Ex t rac t ions  of a Niobium-Tantalum-Hydrofluoric 
Acid Solu t ion  Containing t h e  Equivalent of 172 Grams 
of Oxide Per L i t e r  with Die thyl  Ketone 
~ n i t i a l  Equil .  ana l .  Ta-Nb - $ 
Aq, Phase t o t a l .  . 
$ Ta205 KBn Sepn. oxide - 
HF conc. , . . factor 
. . 
weight 
(mo1a.r) Aq. Org. i n  o m  -
* Addit ional  weight probably caused by r e a c t i o n  of HF w i t h  


























. . PER . . CENT STOCK SOLUTION, . 
F i g u r e  3 - C'omposition of t h e P r o d u a t  from D i e t h y l  
. ' K e t o n e  E x t r a c t . i o n s  o f  V a r i o u s  D i l u t i o n s  , 
? .  of . t h e  S t o c k  S o l u t i o n .  
F i g u r e  4 -  anta alum-~iobium . S e p a r a t i o n  F a c t o r s  
. . . f o r  E x t r a c t i n g  Var ious .  D i l u t i o n s  of t h e  
S t o c k  S o l u t i o n  w i t h  D i e t h y l  Ketone.  
the  d ie thy l  ketone organic phase could approach a  pu r i t y  considered t o  
be f r ee  of niobium, 
In Figure 5 it i s  shown t h a t  t he  var ia t ion  i n  t h e  tantalum-niobium 
separation f ac to r  with mass t r ans f e r  f o r  d ie thy l  ketone i s  l i n e a r  over 
t:,e range studied. In l i g h t  of the above data i t  i s  apparent t h a t  as  
the  mass t r ans f e r  approaches zero, o r  as  d i l u t i on  of t he  stock so lu t ion  
approaches i n f i n i t y ,  the  separation f ac to r  must become increas ingly  large .  
Consequent ly~this  var ia t ion  of separat ion fac tor  with mass d i s t r ibu t ion ,  
shovm i n  Figure 5 ,  might not  remain l i n e a r  over the  range of low mass 
t r ans f e r  not covered i n  the f igure .  
Another s e r i e s  of s ingle  s tage  extract ions  was ca r r ied  out employing 
pure d ie thy l  ketone as  the  organic phase. The aqueous phases were pre- 
pared by dissolving various amounts of t h e  mixed hydrated oxides i n  12.8 
molar hydrofluoric acid. This hydrated oxide mixture was obtained by 
ppecipi ta t ing various volumes of t he  stock so lu t ion  with ammonium hydrox- 
ide. The data f o r  these ex t rac t ions  appear i n  Table 3. 
This va r i a t i on  of mass t r ans f e r  t o  t h e  organic phase with concen- 
t r a t i o n  of niobium and tantalum i n  t he  i n i t i a l  aqueous phase i s  i l l u s -  
t r a t e d  graphical ly  i n  Figure 6 while the  re la t ionsh ips  between the 
equivalent oxide concentration i n  t he  aqueous and organic phases appear 
i n  Figure 7, It is  apparent from the  data  of Table 3 and Figure 6 
t h a t  an increase i n  t he  concentration of niobium and tantalum i n  the 
i n i t i a l  aqueous phase resu l ted  i n  a  decrease f o r  per  cent mass t r a n s f e r  
to the  organic phase. However,the mater ia l  which was extracted by the  
organic phase increased i n  r e l a t i v e  tantalum pur i ty .  It can be seen i n  
Table 3 t h a t  t h e  d i s t r i bu t i on  coef f ic ien t s  , f o r  niobium and tantalum 
decreased with increasing oxide concentration. It i s  obvious t h a t  the 
concentration of f r e e  hydrofluoric acid  i n  t he  system decreased as. the 
amounts of niobium and tantalum inc~eased .  It appears from these  data 
t h a t  t he  presence of excess f r e e  hydrofluoric acid  reduces the  effec- 
t iveness  of the separat ion of tantalum from niobium although increasing 
theip  t r ans f e r  t o  the organic phase. 
This p o s s i b i l i t y  was invest igated fu r the r  by carrying out a  s e r i e s  
of s ing le  s tage extract ions  employing d ie thy l  ketone as t h e  organic phase 
and an aqueous phase containing 1 7 2  grams of combined niobium and tantalum 
oxides pep l i t e r  a t  various 'hydrofluoric ac id  concentrations. The data 
from t h s e  extract ions  appear i n  Table 4, 
- These data show t h a t  the  addit ion of hydrofluoric acid  t o  t he  system 
a t  a  constant niobium and tantalum concentration increases t h e  mass trans- 
f e r  t o  the  organic phase while decreasing the  tantalum-niobium 
separation f ac to r ,  The pu r i t y  of the  tantalum r e l a t i v e  t o  niobium 
extpacted by the  organic phase a l so  decreased. The d i s t r i bu t i on  coef f ic ien t  
PER CENT MASS AS OXIDE EXTRACTED BY QlETHYk. 
KETONE 
\ 
' Figure  5 - Tantalum-Niobium Separa t ion  F a c t o r s  
a t  Various Mass D i s t r i b u t i o n  Values. 
PER , CENT MASS AS OXlDE EXTRACTED BY DlETHn KEToNE 
Figure 6 - Effect of Niobium and Tantalum Concentration 







































f o r  niobium gradually increased with hydrofluoric ac id  concentration 
while the  tantalum d i s t r i bu t i on  values reached a maximum a t  about 9 molar 
hydrofluoric acid. This indicates  t h a t  hydrofluoric -acid increases the  
e x t r a c t a b i l i t y  of niobium by d ie thy l  ketone while decreasing t he  extrac- 
t a b i l i t y  of tantalum over much of the  acid  range. This is  indicated by 
the  very rap id  decrease i n  the  tantalum-niobium separation f ac to r s  f o r  
the addit ion of  hydrofluoric acid.  It can be noted i n  Table 4 t ha t  the  
separat ion f ac to r  was 2460 f o r  the  p r ac t i c a l l y  sa tu ra ted  so lu t ion  of 
ea r th  acids  i n  hydrofluoric acid  while f o r  the  23.9 molar acid system 
the  separat ion fac tor  was only 1.32, 
'?!he data  i n  Tables 2, 3 and 4 f o r  t h e  s ing le  s tage extract ions  of 
the  hydrofluoric acid  solut ion of niobium and tantalum with d ie thy l  ketone 
i l l u s t r a t e  several  important points.  Di lut ion o f  the  stock so lu t i on  with 
water d id  not change the  numerical value of t he  r a t i o  of >ydrofluoric 
acid  concentration t o  niobium plus tantalum concentration,,' Extractions 
of these d i l u t ed  aqueous stock solut ions  yielded very pure 'tantalum i n  
the  equilibrium organic phase, The data i n  Tables 3 and 4 ind ica te  t h a t  
when t h i s  r a t i o  of acid concentration to  the  niobium plus tantalum con- 
cen t ra t ion  increased, t he  amount of material  t r ans fe r red  t o  t he  organic 
phase increased while i t s  tantalum pu r i t y  decreased, When t h i s  r a t i o  
was decreased the opposite trends were observed. It appears,therefore, 
t h a t  the  concentration of tantalum, niobium and hydrofluoric ac id  a s  wel l  
a s  t h e i r  r a t i o s  a r e  important i n  determining the  pu r i t y  and amount of 
I 
tantalum extracted by t he  organic phase. 
For highly  p r e f e r en t i a l  extract ion of t a t a l u m  from niobium when 
they a r e  together i n  hydrofluoric ac id  solution,  it appears t h a t  t he  
r a t i o  of acid  concentration t o  the  niobium and tantalum concentrations 
should be as  low a s  possible.  This means t h a t  t h e  ea r th  acids  should 
be dissolved i n  a minimum\amount of hydrofluoric acid. However, i f  a  l a rge  
e x c e  s  s  of hydrofluoric ,acid i s  present a d i l u t i on  of the aqueous 
solut ion with water a highly p r e f e r en t i a l  ex t rac t ion  of tantalum 
from niobium. It i s  apparent t h a t  the amount of hydrofluoric acid, 
niobium, tantalum and wat& d i l u t i on  i s  determined by the  desired p u r i t y  
and recovery of tantalum. 
A' possible  explanation f o r  the lack oY p re f e r en t i a l  ex t rac t ion  of 
tantalum a t  high hydrofluoric ac id  concentrations r e s u l t s  from conside- 
r a t i on  of the  probable niobium and tantalum species i n  t h i s  a c id  aqueous . - medium, It has been reported t ha t  f luo tan ta la tes ,  TaF ', and pentafluo- 
niobia tes ,  N ~ O F ~ ~ ,  c r y s t a l l i z e  from a supersaturated f luor ide  solution.  
Consequently, f o r  near ly  sa turated solut ions  of niobium and tantalum it . - appears reasonable t o  assume t h a t  these species a r e  present i n  the  
aque.ous phase. The formation of these species by the  reac t ion  of hydro- 
f l u o r i c  acid  with t h e  ea r th  acids  probably r e s u l t s  according t o  the  over- 
a l l  react ions  1 and 2, However,in the  presence of excess hydrofluoric 
.acid it is  possible t h a t  the  product from reac t ion  2 might tend t o  under- 
go a fu r ther  react ion 3. 'These reac t ions  are: 
- 7 HF t H3 TaOL . H2 TaF7 C 4 H20 React ion 1 
5 HF t H3 NbOb H2 NbOF5 + 3 H20 Reaction 2 
' 2 HF c H2 NbOF5 H2 NbF7 + H20 Reaction 3 
'It i s  apparent t h a t  the  products  of r e a c t i o n s  1 and 3 a r e  very  
s i m i l a r  while  t h e  niobium and tantalum s a l t s  from r e a c t i o n s  1 and 2 
a r e  q u i t e  d i f f e r e n t .  It would be expected t h a t , t h e  r e l a t i v e  ext rac-  
t a b i l i t y  of t h e  f l u o t a n t a l a t e s  and t h e  f luon iob ia t e s  might be s i m i l a r  
whl le  f o r  t h e  f l u o t a n t a l a t e s  and t h e  pen ta f luon iob ia t e s  i t  might be 
d i f f e re r l t .  IT t h i s  assumption i s  c o r r e c t , a n  anlout-~t of l~ycl ror luor ic  
a c i d  i n s u f f i c i e n t  t o  y i e l d  appreciable  amount,^ n f  r eac . t , i nns  3 qholald 
r e s u l t  i n  a  cons iderable  r e l a t i v e  d i f f e r e n c e  i n  niobium and tantalum 
e x t r a c t a b i l i t y .  Although t h i s  approach i s  v e v j  q u a l i t a t i v e ,  it does 
o f f e r  an explanat ion of t h e  high tantalum-niobium sepa ra t ion  f a c t o r s  a t  
low hydro f luor i c  a c i d  concent ra t ions  and low sepa ra t ion  f a c t o r s  a t  high 
a c i d  concent ra t ions .  
Ex t rac t ion  of  t h e  amine n e u t r a l i z e d  s tock  s o l u t i o n  o r  i t s  water  
d i l u t i o n s .  
A g r e a t  number o f '  comon water-immiscible organic l i q u i d s  sepa ra te  
tan ta lum from niobium when these  elements a r e  toge the r  i n  a  hydrof luor ic  
a c i d  solut iori .  However, t h i s  system because of i t s  corros ive  n a t u r e  
toward g l a s s  and most .metals  cannot be employed i n  o rd ina ry  equipment 
f o r  continuous sep 'arat ion rvork. Therefore, o t h e r  e f f e c t i v e  l iqu id -  
l i q u i d  systems f o r  t h e  se2a ra t ion  o f  n.iobium from tantalum were developed 
i n  an e f f o r t  to  ob ta in  condi t ions  of  e x t r a c t i o n s  t h a t  would permit  pro- 
longed use, o f  g l a s s  equipnien't. 
B e f o ~ e  these  e x t r a c t i o n  sepa ra t ion  s t u d i e s  could be considered, an 
e s s e n t i a l l y  non-corrosive aqueous s o l u t i o n  o f  niobium and tantalum was 
requi red .  Consequently v a r i o u s  o rgan ic  amines were added t o  the  22 p e r  
1 c e n t  s tock  s o l u t i o n  of  niobium and t an ta lum. to  n e u t r a l i z e  t h e  f r e e  hydro- 
f l u o r i c  a c i d  by forming t h e  amine s a l t ,  A g r e a t  v a r i e t y  of  r e s u l t s  
wepe obtained.  Addit ions of d i h u t y l  amine, t r i b u t y l  amine, t e r t i a r y o c t y l  
amine,.phenylhydrazine, aminohydroquinone dimethyl e t h e r  o r  aminohydro- 
quinone d i e t h y l  e t h e r  caused immediate p r e c i p i t a t i o n ,  When a n i l i n e ,  m- 
t o l u i d i n e  o r  o- to lu id ine  was added t o  the aqvteous > h a w  a second liquid 
phase appeared a t  a  pH of from Ji t o  6 although no p r e c i i i t a t i o n  was 
immediately evident ,  A p a r t i a l l y  n e u t r a l i z e d  aqueous s o l u t i o n  conta in ing  
any.one  of these  t h r e e  amines was n o t  s t a b l e  f o r  more than  two hours be- 
f o r e  a  p r e c i b i t a t e  would s t a r t  t o  f o ~ m .  However, n e u t r a l i z a t i o n  by  
o-tolyl  propanolamine t o  a  pH of about 5 gave an aqueous phase which 
contained only a  small amount of p r ec ip i t a t e  a f t e r  standing f o r  24 hours. 
Solutions t h a t  were i nde f in i t e ly  s t ab l e  were obtained by adding 
monoethanolamine, diethanolamine, triethanolamine, 3-aminopropanol, 
axinoethyl ethanolamine o r  d ie thy l  ethanolamine t o  t h i s  hydrofluoric 
acid  so lu t ion .  of niobium and tantalum. For the f i r s t  a l i pha t i c  hydroxy- 
'amine of t h i s  s e r i e s  a  pH,pf 7.5 was reached before p r ec ip i t a t i on  
'occurred while the addi t ion of l a rge  excess amounts of a l l  the  other  
',conpounds gave no p r ec ip i t a t e ,  Pheny1,ethyl ethanolamine, phenyl 
diethanolamine and m-tolyl diethanolamine formed a  second l i qu id  phase 
ai; a  pH of frum 4 .to 6 when added t o  the 22 per  cent stock 'solution of 
niobium and tantalum, This p a r t i a l l y  neutra l ized aqueous solut ion was 
i nde f in i t e ly  s table .  Repeti t ion of these  experiments while employing 
the  100 per cent  stock solut ion of niobium and tantalum gave t he  same 
r e s u l t s ,  The hydroxyamines were the  only c l a s s  of organic amines which 
neutra l ized t h e  hydrofluoric ac id  mixture of niobium and tantalum t o  give 
, a n  i nde f in i t e ly  s t ab l e  solution.  An assumption is  t h a t  the  amino group 
r eac t s  with t h e  f r e e  hydrofluoric acid  t o  neu t ra l i ze  the  so lu t ion  while 
the  hydroxy r eac t s  with t h e  f luoacids of  niobium and tantalum t o  
form a  soluble complex, A l l  pH values were determined by.employing 
.un iversa l  pH paper, 
The corrosion of these amine-hydrofluoric ac id  solut ions  of niobium 
:and tantalum on Pyrex g lass  was t e s t ed ,    lass r ings  a f t e r  being sub- 
merged in the  various solut ions  f o r  de f in i t e  time increments were removed, 
-clearled, d r ied  and weighed. Figure 8 shows t he  l o s s  of weight of the  
g lass  per square inch of surface a s  a function of ;  time submerged f o r  the  
'aqueous solut ions  having various pH values. The pH values were obtained 
by neutra l iz ing the  22 per  cent stock solut ion with d i f f e r en t  amounts of 
.phenyl e thy l  ethanolamine. I't i s  apparent from Figure 8 t h a t  f o r  pH values 
of L o r  above l i t t l e  variati 'on in the  weight l o s s  of t h e  Fyrex g lass  with 
.tire res.ul-Led, This i s  I l l u s t r a t e d  i n  Figure 9 where the  average r a t e  
of weight l o s s  during the  f i r s t  50 hours of contact  time is  p lo t t ed  a's a 
function of pH., This indicates  c l e a r l y  t h a t  the  amine-hydrofluoric acid  
solut ions  having a  pH of from k t o  6 r eac t  slotvly with Pyrex glass.  
.;Experiments using severa l  o ther  amines i n  p lace  of phenyl e thy l  ethanol- 
amine f o r  neu t ra l i z ing  t he  stock so lu t ion  and i ts  water d i l u t i ons  indi-  
c a t ed  about these  same r a t e s  of corrosion a t  t he  s imi la r  pH value. 
.. . 
m e  corrosion r a t e  of 0.045' milligrams per square inch per hour; 
which r e s u l t s  a t  a  pH of frym about k t o  6,represents a  decrease of 33 
times from the  corrosion r a t e  of the  pure 22 per  cent  stock solution.  
Since these r a t e s  of corrosion were obtained f o r  a  s ta t ionary  solution, 
~somewhat.larg,er.values could be expected i n  the  presence of f lowing ,  
l i qu id s ,  However, these  corrosion data ind ica te  the p o s s i b i l i t y  of 
prolonged u se  of the  laborakory g l a s s  equipment t o  ex t rac t  the amine- 
.. , . " .  
Figure  8 - Loss I n  Weight of  Pyrex Glass Submerged 
. i n  Amine Neu t r a l i zed  Hydrof luor ic  Acid ' 
S o l u t i o n s  of Niobium and Tantalum. 
p H  OF AQUEOUS SOLUT ION 
Figure 9 - Rate of Corrosion a s  a Funct ion of  pH. 
hydrofluoric acid  so lu t ion  of niobium and tantalum. 
Although some of these amine-hydrofluoric acid  s a l t  solut ions  of 
niobium and' tantalum a t tack  g lass  slowly, they would be of l i t t l e  
v=ilue i n  separat ion unless an organic solvent could be found which 
p r e f e r e n t i a l l y  ex t r ac t s  niobium o r  tantalum. Consequently, a  l a rge  
number of s ing le  s tage ex t rac t ions  of various p a r t i a l l y  neutra l ized amine- 
hydrofluoric acid  solut ions  of niobium and tantalum were ca r r ied  out. 
Uniess otherwise indicated,  the  r e l a t i v e  volumes f o r ,  th,ese s ing le  s tage 
ex t rac t ions  were two volumes of the organic l i q u i d  t o  one volume of the 
aqueous l i qu id ,  Glass equipment was used t o  ca r ry  out these  experiments. 
Tsbie 5 contains the numbers and compositions of  t h e  var in l l s  aqlenl l s  
amine-hydrofluoric acid  solut ions  of niobium and tantalum employed i n  
' th io  otudy. Thoco aquoous phases were proparod by adding W e  t an  
e i t h e r  the  stock so lu t ion  o r  i t s  22 cent  water solution.  The amount 
of amine added, a s  shown i n  Table 5, i s  based on 10.0 m i l l i l i t e r s  of  the 
o r i g i n a l  amine-f~ee hydrofluoric acid  so lu t ion  of niobium and tantalum. 
When the amount of amine which was added t o  the  aqueous solut ion was 
s u f f i c i e n t  t o  form a  second phase, the r e su l t i ng  amine feed solut ion was 
considered to  be sa tu ra ted  with t h e  amine, 
The data f o r  the s ing le  s tage  ex t rac t ion  of  these amine-salt f eed  
so lu t ions  a r e  given i n  Table 6 ,  The ex t rac t ions  a r e  divided i n to  groups 
according t o  the aqueous amine feed solut ion employed. These groups a re  
subdivided a lphabe t ica l ly  according to organic phase employed* When the  
weight of oxide obtained from one of the  product phases was very small, 
e i t h e r  product was analyzed, 
It i s  a2parent from the  s i ng l e  s tage extract ion in Table 6 t h a t  a* 
p r e f e r e n t i a l  e x t r a c t a b i l i t y  of  tantalum resu l ted  fo r  a l l  of these amine- 
hydrofluoric acid s a l t  solut ions  of niobium and tantalum. The degree of 
e x t r a c t a b i l i t y  and the tantalum-niobium separation f ac to r s  were a  function 
of the  nature and amount of amine employed to  neu t ra l i ze  the  hydpofluoric 
ac id  solut ion,  i n  a l l  cases the  tantalum-niobium separation fac tors  
obtained from extract ing these amine feed solut ions  were considerably 
lower than those obtained from extract ing the corresponding amine-free 
hydrofluoric acid  solut iohs  of niobium and tantalum with t he  same organic 
compound, However, i n  many extract ions  the corresponding mass t r ans f e r  
t o  the  organic phase was considerably higher f o r  t he  amine feed solut ions .  
Many extract ions  of amine feed solut ion 1 are  not  l i s , t ed  i n  Table 6 
because they resu l ted  i n  l e s s  than 10 per  cent t rans fe r  of the  material  
to  the  organic phase, Two volumes o'f the organic phase t o  one volume 
of aqueous phase were employed f o r  each of these un l i s t ed  extract ions .  
The un l i s t ed  organic solvents which d id  not ex t rac t  more than 10 per  
cent  of the  niobium and tantalum from amine feed solut ion 1 were: amyl 
alcohol ( t e r t i a r y ) ,  an i l ine ,  butanol (n) ,  dibutyl  arnine, e t hy l  aceto- 
Table  5 
I 
N e u t r a l i z a t i o n  of 10.0 ~ i l l i l l t e r s  of  t h e  HF S o l u t i o n  
o f  Niobium and Tantalum w i t h  Amlnes -. 
A m i  ne $ Amount of - Grams 
f eed  Amine s t o c k  amine pH oxide/ 
s o l n .  s o l n .  added l i t e r  - - . . -. . - -. . 
f Diethanolamine 22 1.8 m l .  . 5 101 
2 Diethanolamine 22 3.6~11.. 7 90 
3 Diethanolamine 22 5.4 m l .  9 80 
4 Monoethanolamine 22 1.1 m l .  5 104 
5 Tr i e thano lamin i  . 22 
I ' 
6 . Die thy1  22 
' .i .. ..'.  ethanolamine 
7 Amlnoethyl 22 
e thanolamine 
a 
g ' Ani l ine  22 
10 50 VoP. $ a n a l i n e  22 
+ 50 vo l .  $ mano- 
- e thano lamine  
:.ll Phenyl e t h y l '  ~. . 22 
. ,. etbanolamine 
- 4  
, . 
. L2 Phenyl. e t h y l  100 
e thanolamine 
i 3  m - ~ 0 1 ~ 1  ' d i e t h a n o l -  22 
amine . ' 
14 Phenyl d i e t h a n o l -  22 
amine . 
2.0 ml. 5 
2.3 m l .  5 
1.0 m l .  - 5 
1.2 m l .  . . 5  
1.0 m l .  5 ( s a t 1 d )  
2.3 g .  4 ( s a t  f d )  
15 . Phenyl d i e t h a n o l -  100 11.0 g. b ( s a t 1 d )  262 
amine 
Table  6 
S i n g l e  S t age  E x t r a c t i o n s  of t h e  Amine-Kydrofluoric Acid s o l u t i o n s  . . 
of Niobium and Tantalum 
A q .  phase  Equ i l .  a n a l . ,  P 
t o t a l  
Ext .  amine Organic Ta-Nb oxide . 
p h a s e '  $ Ta205 %a KNb sepn. no. feed weigh t  
s o l n .  factor i n  org.  
( ~ 0 1 .  5 )  Aq Org l 
---- ---- 1 1 D i e t h y l  ke tone  ---- I.S. ---- 1.0 
2 1 5% t e r t -oc tg l amine  43.4 69.7 0.631 0.207 3.0 43.4 
+' 9576 d i e t h y  1 ketone 
3 .  1 Primene 81-T I D S  l 
4 1 5% Primene 81-T I.S. 
+ 509% d i e t h y l  ke tone  
5 1 25% Prirnene 81-T ' *I .S .  
+ 2 5 s  d i e t h y l  ketone 
6 1 12.5% Primene 81-T 6.40 
+ 87.5% d i e t h y l  
ke tone  
7 ' 1' 6.3% Primene 81-T 17.6 
+ 93.7% die - thy1  . 
ketone  
8 1 5.M Primens 81-T 20.4 
+ 95.076 d i e t h y l  
ke tone  
I .S . = I n s u f f i c i e n t  sample. 
Table 6 (continued) 
A q .  phase E q u i l .  a n a l .  Y6 t o t a l  
E x t o .  amine Organic 
' $ Ta205 
oxide 
%a K N ~  sepn. feed phase  weight 
s o h .  ( v o l e  $) Aq Org. i n  o rg8  
9 1 3.2% Primene 81-T + 33.1 88.0 0,0799 0.0537 14.8 39.1 
.96.9$ diethyl ketone 
10 1 5.M Primene 81-T + 35.3 74.8 0,907 0.168 5.45 49 .O 
958 fuel o i l  
11' 1 5.G ~rimene 81-T + 35.3 .74.5 0.910 0,171 5.33 48.0 
95s heptane 
12 .. 1 5.M Primene 81-T + 35.7 75.8 0.945 0.167 5.65 49.6 
95% kerosene . . 
13 1 5.0% Primene 81-T + 32.8 74.8 1.10 0.181 6 ..I2 51.8 
95% toluene 
14 1 5.09&~rimene81-T+ 39.7 77.8 0.602 0.113 5.32 40.6 
95% turpentine 
15 1 50s Primene JM-T + 
50$ diethyl ketone 
16 1 25% Primene JM-T + 28.6 59.2 
75% diethyl ketone 
17 . 1 12.5% Primene JM-T + 25.9 69.7 
87.5s diethyl ketone 
18 1 5.09 Primene JM-T + 42.9 87.2 
95s diethyl ketone 
Slurry formation . 
5 .28 1.46 3.62 85.7 
, * -  
- .  . s * - .  k q .  phase Equi l .  a n a l .  
Ta -Nb t o t a l  
Ext.. amine . .  Organie . ' F Ta205 . KT+ ' C N ~  sepn. ox ide  . . no. f e e d  - phase . .  f a c t o r  weight 
s o l n .  (vo l .  ,$) Aq Org . i n   or^;. 
. . .  
20 2 D i e t h y l  ke tone  
2 1  2 25% t e r t -oc ty l amine  
- + 75$ d i e t h y l  ke tone  
22 2 12.5s t e r t -oc tg l amine  
+ 87.5% d i e t h y l  ketone 
23 2 50% Primene 81-T + 






24 2 25% Primene 81-T + 
75s . d i e t h y l -  ketone 
25 2 12.5% Primene 81-T + 
87.5% d i e t h y l .  ketone 
26 2 6.3s Primene 81-T + 
- 93.7s d i e t h y l  ketone 
27 2 5.M ~ r i m e n e  81-T + 
9576 d i e t h y l  ketone 
28  2 3.1s Primene 81-T + 
96.'9$ d i e t h y l  ketone 
4 /  
. . Table 6 (continued) 
E.quil, anal'. -Aq. phase . k 
t o t a l  Ext . .  amine Organic 
'$ '  Ta205 
K ~ b  
Ta-Nb oxide ,  
no. ' feed phase %a sepn. weight" 
, s o l n .  
(v61 .- $1 Aq. ' Org. i n  org. 
29 3 25% tert-octylamine + ---- I.S. ---- ---- ---- 
-L.. 
2.05 
75% diethyl ketone 
30 3 Primene 81-T 52.5 57.7 0.0642 0.0542 . 1.19 10.9 
31 3 25% Primene 81-T + ---- 10s. ---- ---- ---- 2.85 
75% diethyl ketone 
32 3 12.5% Primene 81-T + 
87.5% diethyl ketone 
33 3 5% Prirnene 81-T + 
95$ diethyl ketone 
34 4 12.5% ~rimene 81-T + 
87.5% diethyl ketone 
,35 4 5.0% ~rimene 81-T + 
95% diethyl ketone 
36 5 ' 5.G ~rimene 81-T + 
95% 'diethyl ketone 
37. 6 5.0% Primene 81-T + 
95% diethyl ketone 
38 ' 7 5.0% Primene 81-T + 
95s diethyl ketone 
---- I.S. ---- 
---- 1,s. ---- 
. - 
Table 6 (continued) . . - . 
A q .  phase E q u i l .  anal. 5. 
Ta -Nb t o t a l  -Exto amine Organic 
$ Ta205 -%a K ~ b  sepn. oxide feed . phase 
soln .  factor weight 
Aq org . i n  org. (vol. 5%) 
39 8 12.5% Primene 81-T + 7.72 . 60.5, 37.2 . 2.03 18.3 
87.5s dzethgl ketone 
40 8 5 .(I$ Primene 81-T + 25.4 80.2 1.69 0.143 >1Y.8 
95% diethyl ketone 
41 9 5.M Primene 81-T + 1.60 63.9 34.1 0.106 . . 321. 60.8 
95$..diethyl ketone 
4 H . cn 
42 10 5 .O$ Prirnene 81-T + 7.49 94.2 6.68 -0.0334 1 200 55.6 ~3 I 
95% diethyl ketone \O o\. ' 
c 
. ' 43 . 10 5.0$ Primene 81-T + 17.0 88.4 2.51 0.0672 37.3 51.2 , 
95s heptane 
44 11 Diethyl ketone 22.0 -99.3 1.24 0.00245 506 38.8 
45 11 5.0% Primene 81-T + 1.51 80.4 38.3 0,143 268 63.9 
95% diethyl ketone 
46 12 Cyclohexanone 18.1 81.0 4.51 0.234 19-3 59.0 
47 12 ~ i e t h y l  ketone* 40.5 .96.7 0.652 0.0150 43.3 26.5 
48 12 Diethgl ketone 32.7 98.4 0.566 0.00443 128 34.0 
* Equal volumes of the organic and aqueous phases were employed. 
Table 6 *(continued) 
A q .  phase Equ i l .  anal. k t o t a l  - 
Ext. amine Organic 
$ Ta205 
Ta-Nb oxide 
no, feed phase %a K ~ b  sepn. weight 
I soln, - i n  org. 
(vole $1 Aq W g *  
49 12 Heptane ---- ---- ---- ---- ---- 0 
50 12 Isophorone* 27.3 94.5 1.38 0.0312 '44.3 40.2 
51 12 Isophorone 21.4 94.7 3,68 0.0559 65.8 .46,8 
52 12 Mesityl oxide* 37.4 94,5 0.850 0.0270 3i.5 32.1 
53 12 ~ e s i t y l  oxide 
54 12 Methyl isobutyl . 44.8 98.3 ' 0.523 0,00735 71.3 23.6 
ketone* 
55 12 Methyl isobutyl 37.5 98.0 0.380 0.00477 79.8 27.9 
ketone 
56 12 Tributyl phosphate* 31.1 95.6 1.22 0.0256 47.8 41.2 
57 12 Tributyl ph~sphate 17.4 92.8 1.34 0,0220 61 .O 49.1 
58 13 Diethyl ketone 20.4 98.9 1.43 0.00399 358 40.6 
59 14 Cyclohexanone 14.6 94,6 2.12 0.0207 103 47.4 
60 14  Diethyl ketone 30.8 99.7 0.690 0.00105 657 35 .O 
61 14 E t h y l  acetoacetate - 21.7 . 96.7 1 . 0  0,0124 1051 41.7 
62 14 '. Isophorone 18 .7 . .  98.1 1.39 0.00635 219 43.2 
Table  6 (cont inued)  
A q .  phase  Equ i l .  a n a l .  $ - - . .  . Ext  . t o t a l  
no. amine Organic 
f eed  phase $ Tag05 . ,  %a 
Ta-Nb - oxide K N ~  sepn.  weight s o l n .  
( ~ 0 1 ,  $1 ~q . . Org. i n  o rg .  
63 14 Mes i ty l  ox ide  21.7 . 98.8 1.18 0.00413 286 38.9 
Methyl i s o b u t y l  
ketone 
Amy1 a l c o h o l  (n) 
Cyclohexancne 
D i e t h y l  ketone 
E t h y l  a ~ e t ~ a c e t a t e  
Isophorone 
Mes i ty l  oxide 
Methyl e t h y l  k e t ~ n e  
Methyl n-hexyl 
c a r b i n o l  
Methyl i s o b u t y l  
ketone 
75 15 T r i b u t y l  pkosphate 18 -2  94.1 1.19 0.0168 70,8 48.8 
acsta te ,  isophorone, mesityl oxide, methyl e thyl  ketone, 2,h-pentanedione, 
o- tolyl  propanolamine, t r i b u t y l  amine and t r i b u t y l  plysphate. It is evi- 
dent from these  data t ha t  only ce r t a in  organics extracted appreciable 
material  from amine feed solut ion 1. About one-third of the t o t a l  i n i t i a l  
material  was extracted by m-toludine. The product from t h i s  organic phase 
~ i a l y z e d  about 93 per cent tantalum oxide. Primene 81-T on t he  o ther  hand 
extracted e s s e n t i a l l y  a l l  t h e  niobium and tantalum from amine feed solut ion 
1 although about one hour was required f o r  phase separation. 
Since d ie thy l  ketone did  not ex t r ac t  much tantalum and niobium from 
amine feed solut ion 1, it was used as an i n e r t  solvent f o r  d i l u t i ng  
Primene 81-T. It i s  apparent from extract ions  3 t o  9 inclus ive  i n  Table 
6 t h a t  decreasing the  amount of Primene 81-T also  decreased t h e  mass 
d i s t r ibu t ion  to the  organic phase, However, as l i t t l e  as  3.2 volume 
- per cent Primene 81-T i n  d ie thy l  ketone extracted about 40 per cent of 
t he  mater ia l  i n  terms of oxide. The tantalum-niobium separation f ac to r s  
which r e su l t ed  from the  extract ions  of amine feed solut ion 1 with a 
so lu t ion  of Primene 81-T i n  d ie thy l  ketone ranged i n  value from 13  t o  
22 with no apparent de f in i t e  trend. However, the  pu r i t y  of the tanta-  
lum oxide obtained from the  organic extract ion solut ions  rap id ly  
increased a s  the  amount of Primeme 81-T decreased (o r  as  pure d i e thy l  
ketone was approached) , 
Similar  extract ions  were ca r r ied  out  employing a solut ion of Primene 
JM-T (ex t rac t ions  15 t o  18 inclus ive)  o r  tert iaryoctylamine (extract ion 2 )  
i n  d ie thy l  ketone a s  the  organic phase. The same general trends,as re- 
ported above)resulted although under s imi la r  ex t rac t ion  conditions 
Primene JM-T yielded lower tantalum-niobium separation f ac to r s  and mass 
t rans fe r  than Primene 81-T. Tertiaryoctylamine, which i s  s imilar  i n  
s t ruc ture  but  has a lower molecular weight than e i t h e r  Primene 81-T o r  
Frimene JM-T, resu l ted  i n  lower separation fac tors  than these Primene 
compounds.under s imilar  conditions of extract ion,  However, i t s  corres- 
ponding mass t r ans f e r  was g rea te r  than obtained f o r  the Primene JM-T 
s y s t e ~ ~  although l e s s  than f o r  t h e  Primere 81-T system. It i s  a p ~ a r e n t ,  
therefore , that ' for  s imilar  conditions of ex t rac t ion  Primene 81-T y ie lds  
a greater  tantalum-niobium separation f ac to r  and r a s s  t r ans f e r  to  the  
organic phase than e i t h e r  of these  other two t e r t i a r y  a lky l  amines. 
Since die thyl  ketone is  a - r e l a t i v e l y  expensive d i luen t  f o r  Primene 
81-T (about 75 cents per pound i n  55 gallori drum lots), several. cheaper 
water-immiscible organic l i qu id s  were subs t i tu ted  i n  ~ t s  place. The data 
~ b t a i n e d  by extract ing amine feed so lu t ion  1 with these  systems (extrac- - t i ons  10 t o  14) inclus ive)  indicated t h a t  t he  use of fuel o i l ,  heptane, 
kerosene, toluene or  turpentine i n  place of d ie thy l  ketone general ly  
decreased only s l i g h t l y  the  mass t r a n s f e r  t o  t he  organic phase. How- 
ever, t h e  tantalum-niobium separation f ac to r s  r e su l t i ng  from the  use o f  
these  cheaper organic solvents had a value of approximately 5.5 a s  com- 
pared t o  19  f o r  d ie thy l  ketone. Perhsps the  ketone forms a complex with 
I'rimene 81-T making it more s e l ec t i ve  f o r  ex t rac t ing  tantalum while the  
hydrocarbon solvents a r e  incapable of forming such a  complex, It i s  
apparent howeverithat the mater ia l  f o r  d i l u t i ng  Primene 81-T is a l so  an 
importadt f ac to r  i n  separat ing tantalum from niobium when they a re  to- 
gether  i n  an ariiine-nydrofluoric acid  s a l t ,  solution.  
Comparison of the  data  f o r  extract ing amine solut ions  1, 2 and 3 
i l l u s t r a t e  t he  e f f e c t  of pH, o r  the amount of diethanolenine present,  
on mass t r ans f e r  and niobium and tantalum separation.  I n  each case ' . 
where the organic phase was t he  same, the per  cent mate rial tranferre:d 
t o  t h e  organic phase decreased as  the  pH of the  i n i t i a l  aqueous phase 
increased,  For ex t rac t ion  of amine feed solut ion 3 the  amount of trans- 
f e r  t o  the  organic phase was generally too small t o  obtain a  niobium and 
tantalum analysis ,  The tantalum-niobium separat,ion factors  a l so  decreased 
with increasing pH of t'nc i n i t i z l  aqueous phase. The sspar-aL-i.on f ac to r s  
obtained by extract ing amine feed solut ions  2 and 3, where the  pH values 
were 7 and 91respectively, were never g rea te r  than 1.4. However, tantalum 
was s t i l l  p r e f e r en t i a l l y  extracted by the  organic phase. These data 
ind ica te  t h a t  addit ion of excess diethanolamine decreases considerably 
t h e  e x t r a c t a b i l i t y  and e f f ec t i ve  separation of tantalum from niobium. 
Evidently t h e  pH of t he  amine solut ion must be kept qui te  ac id ic  i f  mix- 
t u r e s  of niobium and tzntalum are  to be separated i n  r e l a t i v e l y  few 
s tageso  
The da ta  f o r  the e x t r ~ c t i o n  of the amine feed solut ions  1, 4, 5, 6, 
7 and 8 of Table 5 with a  solut ion of Primene 81-T in  d ie thy l  ketone 
i l l u s t r a t e  the  r e l a t i v e  e f f e c t s  of the presence of several  a l i p h a t i c  
hyclroxyarr;ines, It is assumed t h a t  i n  preparing each of these  arci.ne feed 
so lu t ions  e s sen t i a l l y  the  same number of  equivalents of t he  amino group 
w a s  added per  un i t  volume of the  22 per cent stock solution.  Since the  
pH value of 5 was determined by employing universal  pH p q e r ,  small 
devia t ions  resul ted.  Based on density values and the  molecular weight 
of the  a l i pha t i c  hydroxyamines,it was c a l x l a t e d  t h a t  on an average 
0.0187 equivalent of the  amino group was required t o  neu t ra l i ze  10.0 
m i l l i l i t e r s  of the  22 per cent stock so lu t ion  to a pH of 5. 
Comparison of the  r e s u l t s  f o r  the  ex t rac t ion  of thesk a l i pha t i c  
hydroxyamine feed solut ions  indicated s imi la r  mass d i s t r i bu t i on  but  
varying tantalum-niobium separation fac tors .  For the extraction'  w i t h  
a 5.0 per  cent  solut ion of Primene 81-T i n  die thyl .ketone, the  mass 
t r ans f e r  t o  the organic phase calcula ted as  oxide var ied from 53 t o  
59 per  cent., However, the  tantalum-niobium separation fac tor  ranged 
from a  value of 2 ,8  f o r  amine feed solut ion 7 to a  value of 19 f o r  feed 
so lu t ion  1. The separation fac tors  obtained f o r  ex t rac t ion  of a l l  t h e  
o ther  a l i pha t i c  hydroxyamine so lu t ions  var ied from 6 t o  12. No explana- 
t i o n  can be given f o r  these var ia t ions  i n  the tantalum-niobium separation 
f ac to ro  However, it  i s  apparent t h z t  t he  choice of the  a l i pha t i c  
* 
hydroxyamines f o r  neutra l iz ing the  hydrofluoric ac id  solut ion of niobium 
and tantalum d0e.s e f f e c t  t h e i r  separation. 
- 
s ince  these a l i p h a t i c  hydroxyamines yielded r e l a t i v e l y  low tantalum- 
, niobium separation fac tors ,o ther  systems non-corrosive t o  g lass  were 
5-Lvestigated. The an i l i ne  neutra l ized solution,  o r  amine feed so lu t ion  9, -* was s t ab l e  f o r  only 30 minutes. Hotvever, when it was extracted with a  . 5.0 per cent  solut ion of Primene 81-T in  die thyl  ketone, a s  i s  indicated 
by extract ion 52 of Table 6, a  mass t r ans f e r  of about 61 per  cent and a  - tantalum-niobium separation f ac to r  of 321 resul ted.  Evidently the pre- 
sence of an amine such a s  an i l ine  i s  much more e f fec t ive  than the  al ipha- 
t i c  hydroxyamines f o r  separating tantalum and niobium, However,these 
anil ine-neutral ized hydrofluoric acid  solut ions  of tantalum and niobium 
because of t h e i r  ins tabi l i ty ,would probably have t o  be processed soon ;r 
a f t e r  t h e i r  preparation,  
It was repor ted above t ha t  the a l i pha t i c  hydroxyamine feed solut ions  
were i nde f in i t e ly  s t ab l e  but  upon ex t rac t ion  yielded low tantalum-niobium . 
separation f ac to r s ,  On the  other hand, t he  anil ine-neutral ized feed - 
solut ion gave t he  opposite r e su l t s .  Consequently, a  s e r i e s  of s t a b i l i t y  
t e s t s  were ca r r i ed  out on the  22 per cent  stock solut ion,  After  additions- 
of various mixtures by volume of an i l i ne  and monoethanolamine t o  t h i s  
,hydrofluoric acid  solut ion of tantalum and niobium u n t i l  a  pH of 5 was 
reached, t he  time required f o r  a  p r ec ip i t a t e  to form was observed. 
Prec ip i ta t ion  s t a r t e d  i n  about one hour f o r  t he  80 per cent an i l i ne  and 
20 per cent monoethanolamine mixture while about 48 hours were required 
f o r  p rec ip i ta t ion  from t h e i r  50-50 mixture, Af te r  12 days a l l  the  Sam- 
p l e s  which were neutra l ized with the mixture containing, more than 30 
per cent  an i l i ne  had considerable arcounts of p r ec ip i t a t e  present,  
Since 48 hours was se lec ted  as an acceptable s t a b i l i t y  time, t he  
amine feed solut ion 10 was prepared by neutra l iz ing the  22 per cent 
stock so lu t ion  t o  a  pH of 5 with a 50-50 volume per  cent mixture of ani- 
l i n e  and monoethanolamine., A s  indicated by ex t rac t ions  42 and 43 of 
Table 6 , t h i s  feed solut ion was extracted with a  5.0 per  cent so lu t ion  
of Primene 81-T in both d ie thy l  ketone and heptane. In  t h e  former 
extract ion, the  r e su l t i ng  mass t rans fey  of 55.6 per cent and tantalum- 
niobium separation f ac to r  of 200 were about intermediate i n  value t o  
those obtained f o r  extract ing t he  corresponding feed solut ions  which - had been neutra l ized with pure a n i l i n e  o r  pure monoethanolamine.. The 
use of heptane as  a  d i luen t  f o r  Primene 81-T decreased the  separation 
f ac to r  considerably and the  mass t rans fe r  percentage s l i gh t l y .  It i s  - apparent f  om these data t h a t  the  proper combinat ion of monoe thanol- 
amine, an i l ine ,  Primene 81-T and d ie thy l  ketone affords  an e f fec t ive  
system f o r  separating tantalum and niobium from t h e i r  hydrofluoric 
acid solution.  
It i s  evident from t h e  above data  t h a t  ex t rac t ion  of an aqueous 
phase containing both an i l i ne  and an a l i p h a t i c  hydroxyamine gave no t  
only a r e l a t i v e l y  s t a b l e  so lu t ion  bu t  a lso  a favorable separat ion of 
tantalum from niobium, Con~equen t ly~a  s e r i e s  of ex t rac t ions  was ca r r ied  
out  on a feed  solut ion which consisted of a hydrofluoric ac id  solut ion 
of tantalum and niobium which had been p a r t i a l l y  neutra l ized with a 
der iva t ive  of an i l i ne  containing a hydroxy group. As i s  apparent from 
Table 5 these  amines were phenyl e thy l  ethanolamine, phenyl diethanol- 
m i n e  and m-tolyl diethanolamine. The amine feed solut ions  11 t o  15, 
inclusive,which contained these  aromatic hydroxyamine~~were i nde f in i t e ly  
s tab le .  
From t h e  data f o r  these extract ions  ce r t a in  genera l i t i e s  a re  evident. 
Generally, ex t rac t ion  of  these  an i l ine  der ivat ive  feed solut ions  resu l ted  
i n  smaller  tantalum-niobium separation f ac to r s  and mass t r ans f e r  t o  t he  
organic phase than was repor ted above f o r  ex t rac t ion  of the  corresponding 
hydrofluoric acid  solution.  The separation of tantalum from niobium was 
much more e f f ec t i ve  when ex t rac t ing  these aromatic hydroxyamines feed  
so lu t ions  than when ex t rac t ing  the a l i p h a t i c  hydroxyamine feed solutions.  
Consequently, from the standpoints of both chemical separation and 
corrosion t h e  an i l i ne  der iva t ive  feed solut ions  appear t o  be more desi rable  
than e i t h e r  the  pure hydrofluoric a c i d  solut ions  o r  the a l i pha t i c  hydroxy- 
amine solutions.  I 
The separation f ac to r  and per cent t r ans f e r  trends f o r  extract ing the 
amine feed solut ions  11 t o  l ~ , i n c l u s i v e , w i t h  various organic solvents  were 
s imi l a r  t o  those reported above f o r  extract ing the  amine-free hydrofluoric 
ac id  so lu t ions  of niobium and tantalum. The ketones were the  most effec- 
t i v e  organic c l a s s  of compounds although the  e s t e r s ,  organic phosphates 
and alcohols a lso  yielded favorable separation f ac to r s  and mass t r a n s f e r  
values. The hydrocarbons do not appear t o  ex t r ac t  e i t h e r  tantalum o r  
niobium from these amine feed  solut ions  while Primene 81-T causes-con- 
s iderab le  ex t rac t ion  of mater ia l  by any organic phase. 
Upon cmpar i son  of the  r e s u l t s  f o r  extract ing m i n e  feed solut ions  
11, 13 and 14 it appears t h a t  f o r  the  same organic phase the  tantalum- 
niobium separation f ac to r s  increased progressively fo r  the following 
amines: m-tolyl diethanolamine, phenyl e thy l  ethanolamine and phenyl 
diethanolamine.. The reverse trends r e su l t ed  f o r  mass t rans fe r  t o  t he  
organic phase, From the  data f o r  extract ions  58, 44 and 60 or  amine 
feed so lu t ions  11, 13 and lb,where d ie thy l  ketone const i tu ted t he  
organic phase, it can be seen t h a t  t h e  tantalum-niobium separation 
f ac to r s  were 358 , 506 and 657, respectively,  while the corresponding 
mass t r a n s f e r  to  the  organic phase on an oxide bas i s  was 40.6, 38.8 
and 35-0 per  cent. Comparison of t he  data  f o r  extract ing amine feed  
so lu t ions  12 and 15 indicated t h a t  i n  a l l  corresponding extract ion the  
tantalum-niobium separation f a c t o r  was highest  f o r  the amine feed 
so lu t ion  containing phenyl diethanolamine. 
The e f f e c t  of  t h e  i n i t i a l  aqueous phase concent ra t ion  can be 
observed by comparing t h e  d a t a  f o r  e x t r a c t i n g  amine f eed  s o l u t i o n s  11 
and 12 and axine f e e d  s o l u t i o n s  14 and 15, It is  apparent  t h a t  
inc reas ing  t h e  concent ra t ion  of  tantalum, niobium and amine s a l t s  i n  . 
t h e  i n i . t i a l  aqueous phase r e s u l t e d  i n  an inc rease  i n  t h e  mass t r a n s f e r  
t ,  t h e  organic  phase while  decreas ing  t h e  tantalum-niobium sepa ra t ion  
,k f a c t o r ,  The da ta  obta ined  from e x t r a c t i n g  amine f eed  s o l u t i o n  12 wi th  
A d i f f e r e n t  volume r a t i o s  of organic  phase t o  aqueous phase i n d i c a t e  t h a t  
t h e  l a r g e r  r e l a t i v e  volume of organic  phase t o  aqueous phase no t  on ly  
* i n c r e a s e s  t h e  mass t r a n s f e r  t o  t h e  organic  phase b u t  a l s o  the tantalum- . 
niobium sepa ra t ion  f a c t o r .  The use o f  these  aromatic  hydroxyamine f eed  
s o l u t i o n s  appears  t o  be p r a c t i c a l  f o r  t h e  sepa ra t ion  of  tantalum from 
niobium, 
Ex t rac t ion  of t h e  potassium hydroxide s o l u t i o n  of  n iobiun and 
tanta lum 
I n  t h e  co lumbi te - t an ta l i t e  o r e  t reatment  s e c t i o n  i t  was s t a t e d  t h a t  
t h e  e a r t h  ac ids  were so lub le  i n  potassium hydroxide solut ion. '  A s l i g h t l y  
b a s i c  s o l u t i o n  conta in ing  t h e  potassium s a l t s  o f  niobium and tantalum 
should n o t  r e a c t  wi th  g l a s s  t o  any apprec iable  'extent .  consequently 
e x t r a c t i o n  o f  t h i s  system was i n v e s t i g a t e d  a s  a poss ib le  technique $or 
separa t ing-niobium and tantalum, 
P, b a s i c  feed  s o l u t i o n  was prepared by d i s so lv ing  t h e  e a r t h  a c i d s  i n  
excess potassium hydroxide. This  f e e d  s o l u t i o n  had a pH value above 14 
and contained t h e  equivalent  of about 65 grams per  l i t e r  of combined 
niobium and tantalum pentoxides,  The t i t r a t i o n  o f  t h i s  b a s i c  s o l u t i o n  
wi th  s t andard  h y d ~ o c h l o r i c  a c i d  employing phenolphthalein a s  t h e  ind i -  
c a t o r  gave a base concent ra t ion  equ iva len t  t o  1.63 moles p e r  l i t e r .  
S ince  niobium and tantalum p a r t i a l l y  p r e c i p i t a t e d  during t h i s  t r i t r a t i o n .  > some of  t h e  hydrochloric  a c i d  must have r eac ted  wi th  t h e  potassium 
n ioba te  and t a n t a l a t e ,  
. This potassium hydroxide s o l u t i o n  o f  niobium and tantalum could n o t  
be p r e c i p i t a t e d  by a d d i t i o n  of ammonium hydroxide. Ijowever it was 
) 
p r e c i p i t a t e d  immediately by t h e  add i t ion  of a c i d s  such a s  hydrochloric ,  , 
s u l f u r i c ,  n i t r i c ,  a c e t i c ,  bu ty r i c ,  propionic,  oxal ic ,  maleic, t a r t a r i c  
and s a l i c y l i c  i n  excess,  It was a l s o  p r e c i p i t a t e d  by e t h y l  a lcohol ,  
ethylenediamine, diethanolamine, diethylaminoethanol,  sodium hydroxide 
and sodium chlor ide .  bialic a c i d  p r e c i p i t a t e d  the  s o l u t i o n  a t  a  pH of 
about 9 tvhile c i t r i c *  a c i d  ( 3 6 )  even i n  s u f f i c i e n t  excess t o  give a  pH 
- of about 4 d i d  no t  form a p r e c i p i t a t e .  
. 
Many s i n g l e  s t age  e x t r a c t i o n s  were c a r r i e d  o u t  d i r e c t l y  on t h e  
potassium hydroxide s o l u t i o n  o f  niobium and tantalum. It was r e p o r t e d  
. . t h a t  a l l  t h e  crganic  conpounds t e s t e d ,  which included ketones, a lcohols ,  
amines, e t h e r s ,  e s t e r s ,  hydrocarbons and organic  phosphates, e x t r a c t e d  
no d e t e c t a b l e  amounts of niobium o r  tantalum ( 3 6 ) ,  However, when c i t r i c  
ac id  was' added t o  t h i s  b a s i c  s o l u t i o n  t o  n e u t r a l i z e  i t  t o  a  pH of below 
7 , a  sma l l  amount o f  m a t e r i a l  was e x t r a c t e d  by c e r t a i n  o rgan ic  l i q u i d s .  
The t an t a lum and niobium were p r e c i p i t a t e d  from t h e  equ i l i b r ium product  
phases  b y  a d d i t i o n  of  hydro f luo r i c  a c i d  fo l lo~ved  by  ammonium hydroxide. 
'Jriithout f irst  adding t h e  hydro f luo r i c  a c i d  t h e  ammonium hydroxide w i l l  
n o t  p r e c i p i t a t e  t h e  niobium and tan ta lum from a  c i t r i c  a c i d  so lu t ion .  
I: i s  presumed t h a t  t h e  h y d r o f l u o r i c  a c i d  d e s t r o y s  t h e  c i t r i c  a c i d  
complex which is  s t a b l e  i n  t h e  presence of  o n l y  ammonium hydroxide. 
I n  a  t y p i c a l  experiment  t h e  i n i t i a l  aqueous phase was prepared  by  
adding 7,0 grams o f  c i t r i c  acid:to 20.0 m i l l i l i t e r s  of t h e  b a s i c  f e e d  
s o l u t i o n .  The pH of  t h e  r e s u l t i n g  aqueous s o l u t i o n  buf fered  a t  about  
4 . 0 ~  E x t r a c t i o n  o f  t h i s  aqueous phase w i t h  an  equal  volume of  a  25' 
volume p e r  c e n t  s o l u t i o n  o f  Primene JM-T i n  methyl e t h y l  ketone r e s u l t e d  
i n  a  mass t r a n s f e r  t o  t h e  organic  phase of 9.4 pe r  cent  i n  terms o f  
ox ides ,  The product  from t h e  organic  phase was 44 per cen t  tantalum 
oxide  wh i l e  t he  procluct from t h e  aqueous phase was 5.5.0 p e r  cen t  tantalum 
oxide.  Tne tantalum-niobium s e p a r a t i o n  f a c t o r  was 1.58 f o r  t h i s  
e x t r a c t i o n ,  
It i s  apparent  from t h e s e  da t a  t h a t  f o r  t h e  e x t r a c t i o n  of  t h i s  c i t r i c  
acid-potassium columbate and t a n t a l a t e  s o l u t i o n  t h e  niobium favcred  t h e  
o r g a n i c  phase  whi le  tan ta lum p r e f e r r e d  t h e  aqueous phase. Seve ra l  o t h e r  
e x t r a c t i o n s  of t h i s  aqueous f e e d  s o l u t i o n  showed s i m i l a r  t r ends .  It i s  
apparent  tha. t  t h e s e  phase p re fe rences  a r e  oppos i t e  t o  t hose  r e p o r t e d  f o r  
e x t r a c t i o n s  o f  t h e  h y d r o f l u o r i c  a c i d  o r  hydro f luo r i c  acid-amine s a l t  
s o l u t i o n s .  An e x t e n s i v e  e x t r a c t i o n  s t u & j  was n o t  c a r r i e d  o u t  on t h e s e  
b a s i c  o r  c i t r i c  a c i d  s o l u t i o n s  because of t h e  seemingly low mass t r ans -  
f e r s  and se?a ra t fon  f a c t o r s  which r e s u l t e d  from t h e s e  p re l imina ry  
i n v e s t i g a t i o n s .  
1dultiple.-contact Batch E x t r a c t i o n  Tes ts  
It i s  apparent  from t h e  d a t a  f o r  t h e  s i n g l e  s t a g e  e x t r a c t i o n s  o f  t h e  
s t o c k  s o l u t i o n  and i t s  v a r i o u s  water  d i l u t i o n s  t h a t  a  g r e a t  number of  
common water-immiscible o r g a n i c  compounds s e p a r a t e  tantalum from niobium 
when t h e s e  elements  a r e  t o g e t h e r  i n  a  hydro f luo r i c  a c i d  s o l u t i o n .  It was 
observed t h a t  e s s e n t i a l l y  niobium-free tan ta lum could e a s i l y  b e  produced 
i n  a  s i n g l e  s t a g e  e x t r a c t i o n  b u t  t h a t  t h e  p r e p a r a t i o n  of tantalum-free 
niobium would r e q u i r e  a  s e r i e s  o f .  e x t r a c t i o n s .  Consequently, a  number 
of  s e p a r a t e  mul t ip le -contac t  b a t c h  e x t r a c t i o n  t e s t s  were c a r r i e d  ou t  
i n  an  e f f o r t  to  p repa re  tan ta lum-f ree  niobium wi th  a  h igh  recovery. A l l  
pe rcen tages  f o r  mass t r a n s f e r  and recnveSy o f  mat,erj.a,l. were ca lcu la ted  
on t h e  b a s i s  of t h e  t o t a l  ox ide  weight  p r e s e n t  i n  t h e  i n i t i a l  aqueous 
phase,  A s  d i scussed  i n  a  prev ious  s e c t i o n ,  niobium con ta in ing  l e s s  
than 300 ppm tan ta lum i s  cons idered  t o  b e  s p e c t r o g r a p h i c a l l y  f r e e  o f  
tan ta lum whi l e  tan ta lum con ta in ing  l e s s  than 50 ppm niobium i s  considered 
t o  be s p e c t r o g r a p h i c a l l y  f r e e  of niobium, The cond i t i ons  and r e s u l t s  of  
these batch ex t rac t ion  t e s t s  appear below. 
t 
Batch extrac'tion t e s t  1 
16 t h i s  batch ex t rac t ion  t e s t  t he  hydrofluoric acid  stock so lu t ion  
c ~ n s t i t u t e d  the  s t a r t i n g  aqueous phase while di-isopropyl ketone was 
the  organic phase. Af te r  four  successive extract ions  of the  aqueous 
phase with equal volumes of pure df-isopropyl ketone greater  than 95 
per cent  of the s t a r t i n g  niobium oxide remained i n , t h e  aqueous phase. 
This.niobium oxide product from the  aqueous phase analyzed l e s s  than 300 
ppm tantalum, The organic product phase from t h e  f i r s t  of the four 
' contacts contained about 70 per cent of a l l  of the tantalum. This first 
por t ion of organic was scrubbed twice w i t h  a  0.77 molar hydrofluoric 
ac id  aqueous solut ion,  For each of these two ex t rac t ions  only one volume 
of the aqueous phase was used t o  l0~volumes of the  organic phase. This 
resu l ted  i n  50 per  cent  of t he  o r ig ina l  tantalum, analyzing spectro- 
graphically f r e e  of niobium, remaining.in t he  organic phase. However, 
had a l l  four  port ions of the  organic phase been combined without f u r the r  
treatment, i t  was calcula ted t h a t  t h e  r e su l t i ng  tantalum would have had 
a pu r i t y  of g rea te r  than 90 per  cent, 
Batch extract ion t e s t  2 
I n  t he  second batch ex t rac t ion  t e s t  the  22 per  cent hydrofluoric 
acid  stock so lu t ion  was contacted with f i v e  successive equal volume 
por t ions  of pure di-isopropyl ketone. In each ex t rac t ion  the  oxide 
recovered from the  organic phase analyzed grea te r  than 99-8  per cent 
tantalum oxide with respect  t o  the sum o f  the  combined tantalum .and 
niobium oxides. Furthermore,the t o t a l  ex t rac ted  oxide from the  f i v e  
contacts represented a 68 per cent  recovery of t he  tantalum oxide 
o r ig ina l l y  present i n  the aqueous phase'. A s  the  extract ions  progressed) 
the  amount of tanta lum.t ransferred t o  t h e  organic phase s t e a d i l y  de- 
creased so t h a t  the f i f t h ,  organic contact  resu l ted  i n  a t r ans f e r  of 
a only 1,9 per cent  of the i n i t i a l  weight of combined oxides.. Af te r  the  
f i f t h  extractior),the aqueous phase s t i l l  contained 2-5.9 per  cent  tantalum 
oxide-and 7 4 , l  per cent niobium oxide, It was determined tha t  a rap id  % 
decrease i n  the  concentration of f luor ide  ion i n  the  equilibrium.organic 
phase para l l e led  the  decrease i n  t h e  t r ans f e r  of material.  A very l a rge  
number of such extract ions  would be required f o r  complete removal-of 
tantalum unless more hydrofluoric ac id  were added t o  the '  system. 'Tanta- , 
lum spectrographically f r e e  of niobium was prepared by extract ing a 
por t ion of the  organic phase from t h e  f i r s t  contact  with three  separate 
- portions of a 0.77 molar'hydrofluoric acid  aqueous solut ion.  The . 
- ,  
r e l a t i v e  volumes f o r  these back-extractions were 10 volumes of organic 
t o  one .volume of aqueous, 
Batch ex t rac t ion  t e s t  3 
The t h i r d  batch ex t rac t ion  t e s t  employed t he  22 per cent  stock 
so lu t ion  a s  the  i n i t i a l  aqueous phase and v i rg in  t ~ i b u t y l  phosphate as 
the organic phase, This aqueous phase was given'two successive contacts 
with equal volumes of the  t r i b u t y l  phosphate, The res idua l  aqueous 
phase contained 88 per  cent of the o r ig ina l  niobium oxide with l e s s  than 
300 ppm tantalum oxide, Two back-extractions of the  f i r s t  equilibrium 
organic phase with a 0.72 molar hyclrofluoric acid  solut ion resu l ted  i n  a 
92 2e r  cent  recovery of the  o r ig ina l  tantalum oxide containing l e s s  than 
0.40 per  cen t  niobium oxide. The r e l a t i v e  volumes fo r  these  back- 
ex t rac t ions  were a l so  10 volumes of the  organic phase t o  one volume of , 
the aqueous phase, h e  more such back-extraction would probably have 
yie lded spectrographical ly  pure tantalum, 
Batch ex t rac t ion  t e s t  L 
In  t he  fourth batch ex t rac t ion  t e s t  the  22 per  cent stock so lu t ion  
was contacted th ree  separate  times with d ie thy l  ketone. . The equilibrium 
organic phase from the  f irst  contact contained about 41. per cent of the 
t o t a l  s t a r t i n g  oxide weight and analyzed 0.12 per cent niobium oxide. In 
the  second organic contact 8.8 per cent of  the t o t a l  st 'ar t ing oxide weight 
was extracted and an ana lys i s  showed it t o  contain 0.35 per  cent  niobium 
oxide, Combination of these two organic port ions resu l ted  i n  about a 96 
per  cent  recovery of t h e - t o t a l  tantalum oxide which analyzed about 0.15 
pey cent niobium oxide, Since the  aqueous ph2se product a f t e r  these two 
ex t rac t ions  with d ie thy l  ketone s t i l l  contained about 3.7 per  cent 
tantalum oxide a t h i r d  ex t rac t ion  with d ie thy l  ketone was made. This 
ex t rac t ion  resu l ted  i n  t he  t r ans f e r  of another 1.8 per cent of the  t o t a l  
s t a r t i n g  oxide weight t o  the  t h i r d  port ion of the organic. This por t ion 
analyzed about 75 per  cent tantalum oxide, The res idua l  aqueous phase 
product contained b e t t e r  than 99 per cent of the  s t a r t i n g  weight of 
niobium oxide and analyzed approximately 1.0 per  cent tantalum oxide. 
Further contacts of t h i s  aqueous phase with d ie thy l  ketone would probably 
have yicldod pure niobium. 
Batch extpaction t e s t  5 
It is apparent from batch extract ion t e s t  4 t h a t  two d ie thy l  ketone 
ex t rac t ions  of t h e  22 per  cent stock solut ion yielded a good recovery of 
high p u r i t y  tantalum, Since severa l  more extract ions  wi.t;h t h i s  ketone 
a r e  necessary f o r  producing pure niobium oxide, t h e  use of other organic 
solvents  f o r  the t h i r d  contact of the  aqueous phase were investigated.  
These invest igat ions  cons t i t u t e  batch ex t rac t ion  t e s t s  5 and 6. 
In batch extract ion t e s t  5 the two contacts o f  the 22 pe r  cent  
stock so lu t ion  with d ie thy l  ketone described i n  batch ex t rac t ion  4 were 
ca r r i ed  out.  An equal volume of pure t r i b u t y l  phosphate was employed 
f o r  t he  t h i r d  ex t rac t ion  of t h e  aqueous phase. This t r i b u t y l  phosphate 
\ contact  extracted 11 per  cent of the t o t a l  s t a r t i n g  oxide weight which 
analyzed about 1b per  cent  tantalum oxide and 86 per cent niobium oxide, 
The niobium oxide i n  t h e  res idua l  aqueous phase contained l e s s  than 300 
ppm tantalum oxide. 
It i s  apparent t h a t  these th ree  separate extract ions  of the  aqueous 
solut ion yielded three niobium-tantalum f rac t ions .  One f r ac t i on  contained 
9 5  per  cent of the  t o t a l  tantalum oxide weight analyzing only 0.15'per 
cent niobium oxide while a second f r ac t i on  contained about 80 per  cent of 
the t o t a l  niobium oxide weight spectrographically f r e e  of tantalum, The 
t h i r d  o r  intermediate f rac t ion  was primarily niobium oxide and contained 
11 per cent  of t h e  t o t a l  i n i t i a l  oxide weight, 
Batch ex t rac t ion  t e s t  6 
In  an attemp: t o  decrease the  oxide weight of the intermediate 
f r ac t i on  while maintaining the  high pu r i t y  of niobium i n  t h e  f i n a l  aqueous . 
product phase, an equal volume of isophorone was employed f o r  t h e  t h i r d  
ex t rac t ion  of the  aqueous phase. This resu l ted  i n  t r ans f e r  of 2.3 per  
cent of the  i n i t i a l  oxide weight t o  the  organic phase. The mater ia l  
t ransferped gave a product which analyzed about 73 per cent  tantalum 
oxide and 27 per  cent niobium oxide. The equilibrium aqueous phase con- 
tained about 99 per  cent of the t o t a l  niobium which analyzed l e s s  than 
300 ppm tantalum. It i s  apparent from t h i s  batch extract ion t e s t  t h a t  
99 per  cent of the niobium and 96 per  cent of the tantalum were recovered 
i n  high r e l a t i v e  puri ty.  
Batch extract ion t e s t  7 
'i 
I n  t h i s  batch extract ion t e s t ,  two s imi la r  contacts of the  22 per  
cent  stock solut ion with d ie thy l  ketone a s  reported . in  batch extract ion 
4 and a l so  employed i n  batch extract ions  5 and 6 were carr ied.out .  'The 
s h g l e  s tage ex t rac t ion  data on the hydrofluoric ac id  solut ion of niobium 
and tantalum indicated t h a t  the  presence of excess hydrofluoric ac id  
increased the  extract ion by the organic phase. Consequently, i t 1  batch 
extpaction t e s t  7 the base equivalent of the aqueous phaseJwhich a f t e r  
the  second d ie thy l  ketone ex t rac t ion  was 2.3 equivalents per  l i t e r  was 
changed t o  a value of 3.0 equivalents per l i t e r  by addi t ion of hydro- 
f l y o r i c  acid.  This aqueous~solut ion was then extracted with an equal 
volume of diethyl' ketorie. 
The product from t h i s  t h i r d  ketone extract ion contained about 2.3 
per cent of the  t o t a l  s t a r t i n g  oxide weight and it analyzed about .75 per  
cent tantalum oxide and 25 pep cent niobium oxide, The res idua l  aqueous 
product phase contained about 99 per  cent of the t o t a l  niobium contaminated 
by l e s s  than 300 ppm tantalum, It i s  apparent t h a t  the  addi t ion of O..7 
of an equivalent per l i t e r  of hydrofluoric acid  followed by extract ion 
with d ie thy l  ketone gave the same e f f e c t s  a s  the t h i r d  ex t rac t ion  with 
isophorone ~ e p o r t e d  i n  batch ex t rac t ion  t e s t  6. 
Tvvo o ther  batch ex t rac t ion  t e s t s  were ca r r ied  out i n  which 1.7 and 
2.7 equivalents per  l i t e r  of hydrofluoric ac id  were added t o  the  aqueous 
phase before  the  t h i r d  ex t rac t ion  with d ie thy l  ketone. The aqueous 
product phases from these t h i r d  d ie thy l  ketone extract ions  contained 
niobium contaminated with l e s s  than 300 ppm tantalum in  e i t he r  case, 
Vr'. -en 1 . 7  equivalents of hydrofluoric acid  was added ,about 97 per  cent 
of the  niobium oxide was recovered i n  the  highly pur i f i ed  s t a t e  while 
f o r  the  addit ion of 2,7 equivalents per  l i t e r  only about 94 per cent 
-was  recovered, It i s  evident t h a t  these s l i g h t  increases i n  hydrofluoric 
ac id  concentration decreased the recovery of pu r i f i ed  niobium. However) 
the  p u r i t y  of the  niobium prepared with t.he higher hydrofluoric acid  
concentration was poss ibly  greater, bu t  the ana ly t ica l  method employed 
was not s ens i t i ve  below 300 ppm tantalum. 
1 
It i s  apparent from multiple-contact ba.tc11 extract ion t e s t s  6 and 
7 t h a t  i n  a  three  s tage ex t rac t ion  of the  22 per  cent stock solution)99 
per  cent of the  niobium a s  oxide spectrographically f r ee  of tantalum and 
96 per  cent of the  tantalum a s  oxide containing only 0,15 per  cent 
niobium oxide were recovered, The i n i t i a l  mixtupe contained about 48 
per  cent niobium oxide and 52 per cent  tantalum oxide. The t h i r d  o r  
intermediate f r ac t i on  which cons t i tu ted  only 2.3 per  cent of the  i n i t i a l  
t o t a l  oxide weight and was mainly tantalum )could be allowed t o  accumu- 
l a t e  i n  l a rge  sca le  operations and then given a  specia l  processing, How- 
ever, i f  t he  intermediate f ract ionwere  added t o  the  high pu r i t y  tantalum 
f rac t ion ,  t h e  r e su l t i ng  mixture would contain e s sen t i a l l y  100 per cent .  
of the  tantalum with a  p u r i t y  of about 99 per  cent  ~ e l a t i v e  to  niobium. 
The p u r i t y  of such a  mixture could probably be increased somewhat by 
-va ry ing  further t h e  conditons f o r  the  t h i r d  ex t rac t ion  of the aqueous 
phase, 
The conditions f o r  t h e  quan t i t a t ive  separation of tantalum from 
niobium have,been developed f o r  t h e i r  near ly  equal weight mixtures. 
However, t he  same general  conditions should apply f o r  separating any 
composition of these  two elements. A s  long a s  the  concentration of f r e e  
hydrofluorie acid  is  kept very low only small r e l a t i v e  amounts of niobium 
a r e  ex t rac ted  by d i e thy l  ketone. kf the  ea r th  acids a r e  dissolved i n  a  
minimum amount of hydrofluoric acid  and then d i lu ted 'wi th  w a t e ~ , s e v e r a l  , 
e x t ~ a c t i o n s  o f - t h i s  aqueous mixture with o ~ g a n i c  solvents such as  d ie thy l  
ketone should produce e s sen t i a l l y  a  quan t i t a t ive  recovery of pure tantalum 
and niobium, It i s  believed t h a t  these  extract ions  could read i ly  be 
developed t o  afford a  convenient ana ly t ica l  method fo r ' s epa ra t i ng  tantalum 
from niobium, 
I f  a su i tab le  mater ia l  of construction were avai lable  t h i s  hydrofluo- > r i c  a c id  system could be used i n  a  countercurrent ex t rac tor  f o r  t he  
continuous separation of tantalum from niobium, A column fabr icated ,from 
a p l a s t i c  material  such a s  polyethylene would withstand the a t tack of 
t h i s  ac id  f luor ide  solut ion.  However,the construction and operation of 
such an e x t r a c t o r  would r equ i re  some development work. The s i n g l e  s t a g e  
da ta  from t h e  e x t r a c t i o n  of the  s tock  so lu t ion  ind ica ted  t h a t  about 5 t o  
10  s t ages  should be s u f f i c i e n t  f o r  a  q u a n t i t a t i v e  sepa ra t ion  of  tantalum 
from niobium a t  these  high concent ra t ions ,  This  e x t r a c t i o n  would r e q u i r e  
such organic  compounds a s  d i e t h y l  ketone, hexone, isophorone, t r i b u t y l  - 
phosphate o r  methyl i sopropyl  ketone although many o t h e r  s o l v e n t s  would 
s u f f i c e ,  The' s epa ra t ion  of niobium and tantalum on a  l a r g e  sca le  by 
l i q u i d - l i q u i d  e x t r a c t i o n  would probably be a  very  simple process  i f  a  
s u i t a b l e  e x t r a c t o r  were ava i l ab le .  
Mult is tage Ex t rac t ions  
The s i n g l e  s t a g e  and ba tch  e x t r a c t i o n  da ta  i n d i c a t e  t h a t  many organic  
so lven t s  e x t r a c t  high p u r i t y  tantalum from a  hydrof luor ic  a c i d  s o l u t i o n  
containing niobium and tantalum. IJnder these  condi t ions  on ly  a  few s t a g e s  
would probably be r equ i red  f o r  a  quantitative.separation. It was a l s o  
noted from t h e  s i n g l e  s t age  e x t r a c t i o n  da ta  t h a t  tantalum could be e a s i l y  
e x t r a c t e d  from an amine-hydrofluoric a c i d  sa l t  s o l u t i o n  conta in ing  niobium 
and tantalum. The add i t ion  of  amine markedly r e d ~ i c e d  the  a t t a c k  of t h e  
s o l u t i o n  on g la s s .  C ~ n s e q u e n t l y ~ t h e s e  m i n e  aqueous so lu t ions  were used '. 
a s  t h e  feed  f o r  t h r e e  sepa ra te  countercurrent  mul t i s t age  e x t r a c t i o n 6  f o r  
sepa ra t ing  tantalum from niobium. The e x t r a c t o r  shown i n  Figure  1 was 
used i n  each case,  
, The amine f e e d  s o l u t i o n  11 whose composition is  given i n  Table 5 
c o n s t i t u t e d  t h e  aqueous f eed  f o r  t h i s  mul t i s t age  e x t r a c t i o n  while  pure 
d i e t h y l  ketone was the  introduced organic  phase. The aqueous scrub 
s o l u t i o n  was d i l u t e d  hydrof luor ic  a c i d  which hag been s a t u r a t e d  wi th  ., 
phenyl e t h y l  ethanolamine g iv ing  a  f l u o r i d e  s a l t  concent ra t ion  of a b o u t .  
0.5 molar and a  pH value  of about 4, Only 10 s t a g e s  of  the  20 s t a g e  
e x t r a c t o r  were used f o r  t h i s  e x t r a c t i o n .  For each cyc le  of ope ra t ion  
t h e r e  was added 10,O m i l l i l i t e r s  of the  aqueous f eed  s o l u t i o n  a $  s t a g e  
7, 5.0 m i l l i l i t e r s  of  the  aqueous scrub s o l u t i o n  a t  , s t a g e  10  and 30 , 
m i l l i l i t e r s  of d i e t h y l  ketone a t  s t a g e  1. . 
. The product phases f o r  every  f i f t h  cyc le  of opera t ion  were analyzed 
' for  t o t a l  oxide content  and f o r  r e l a t i v e  percentages of 'niobium and 
tantalum oxides.  These analyses  i n d i c a t e d  t h a t  about 20 cyc les  werg 
r equ i red  t o  reach  e s s e n t i a l l y  s t eady  s t a t e  condi t ions .  A f t e r  55 corn- . - 
p l e t e  cycles  t h e  process  was discontinued,  t h e  l i q u i d s  c o l l e c t e d  from 
t h e  s t a g e s  and oxide analyses c a r r i e d  ou t  on both  phases from each 
s t age ,  The r e s u l t s  of  these  s tagewise analyses appear i n  Table 7. 
The da ta  from the  cycle  analyses  showed t h a t  tantalum was not  
Table 7 
Stagewise Data f o r  t h e  F i r s t  Niobium and Tantalum 
. Mult i s tage  E x t r a c t i o n  
Organic phase Aquepu? phase 
Stage 
no. Grams" Per cen t  Grams Per cen t  
. . oxide/ Nb205 oxide/ , Nb20g . . l i t e r  l i t e r  
* I n s u f f i c i e n t  sample f o r  a n a l y s i s  by x-ray f luorescence;  
/ - p e r  cen t  Nb20 o u t s i d e  range f o r  t h e  spec t rographic  
\ 
technique emp oyed. Values est imated a t  above 2.5 p e r  
cen t  Nb205. 
1 
/ 
d e t e c t e d  i n  t h e  niobium of t h e  aqueous product  a l though t h e  lower l i m i t  
of d e t e c t i o n  o f  tantalum i n  niobium by t h e  spec t rog raph ic  method employed 
was about 300 ppm, This h igh  p u r i t y  o f t  he niobium product  i s  substan-  
t i a t e d  by t h e  d a t a  f o r  t h e  aqueous phase of  s t a g e s  one and two i n  t h e  
s'agewise ana lyses  appearing i n  Table 7. It can b e  seen  i n  t h i s  t a b l e  
%.;at t hese  niobium oxide samples were 99.97 p e r  c e n t  o r  b e t t g r  i n  r e l a t i o n  
t o  tantalum. 
Analyses o f  t h e  cyc l e  product  phases  showed t h a t  f o r  t he  f i r s t  50 
cyc le s  o f  ope ra t ion  o n l y  ab6ut  100 ppm of niobium oxide  was p r e s e n t  i n  
t h e  tantalum oxide from t h e  o rgan ic  product .  However, t h e  s tagewise  d a t a  
i n d i c a t e  t h a t  t h e  oxide recovered  from t h e  organic  product  phas,e from 
s t a g e  1 0  should have conta ined  0.054 p e r  c e n t  (540 ppm) niobium oxide.  , 
A new supply  o f  aqueous scrub  was employed f o r  t he  l a s t  few cyc le s  of 
ope ra t ion  and i t  i s  poss ib l e  t h a t  t h i s  s c rub  conta ined  a smal l  amount .of 
niobium. A s l i g h t  contaminat ion o f  t h e  s c r u b  wi th  niobium would a l s o  
exp la in  t h e  lower percentages  o f  niobium i n  bo th  phases i n  s t a g e  9 w i t h  
h ighe r  niobium percentages  i n  s t a g e  10. S ince  t h i s  l a b o r a t o r y  i s  a l s o  
used f o r  o t h e r  problems involv ing  t h e s e  elements,  t h i s  contaminat ion i s  
conceivable .  
The d a t a  i n  Table 7 show t h a t  t h e  maximum oxide  concen t r a t ions  of  
b o t h  the 'aqueous and t h e  o r g a n i c  phases were i n  s t a g e  7, t h e  f e e d  s t age .  
It i s  a l s o  apparent  t h a t  v e r y  l i t t l e  m a t e r i a l  was e x t r a c t e d  i n t o  t h e  
o rgan ic  phase i n  s t a g e s  one and two. The ove r -a l l  m a t e r i a l  balance,  
based on average ana lyses ,  concen t r a t ions  and volumes o f  product  i nd i -  
ca t ed  t h a t  t h e  o rgan ic  product  phase d e l i v e r e d  from s t a g e  1 0  and t h e  
aqueous product  phase d e l i v e r e d  from s t a g e  one conta ined  about  51 p e r  
c e n t  and 49 p e r  cent,  respec t ive ly , ,o f  t h e  t o t a l  weight  of tantalum and 
n i o b i u ~ i  oxides.  
F igure  1 0  shows t h e  v a r i a t i o n  of t h e  oxide  composition, expressed  
a s  niobium pentoxide  percentage, '  w i th  s t a g e  number f o r  bo th  t h e  o rgan ic  
and aqueous phases.  It i s  apparent  from the  da t a  t h a t  v e r y  l i t t l e  nio- 
bium t r a n s f e r r e d  t o  t he  o rgan ic  phase i n  any s tage .  S ince  t h e  l a r g e  
v a r i a t i o n  i n  niobium percentage  i n  t h e  aqueous phase is  due mainly t o  
t h e  d i s t r i b u t i o n  o f  t an t a lum t o  t h e  o rgan ic  p h a s e , , t h e  s epa ra t ion  then  
depends e s s e n t i a l l y  on t h e  s e l e c t i v e  t r a n s f e r  o f  tantalum. Consequentl$ 
t he  prime ope ra t ion  f a c t o r  i n  t h i s  s e p a r a t i o n  i s  t h e  o rgan ic  scrubbing  
of t h e  aqueous f e e d  s o l u t i o n .  It was ~ b s e r v e d ~ t h e r e f o r e  t h a t  i n  t h i s  
J. e x t r a c t i o n  employing an  approximately 50-50 mixture of.nlobium and tan-  
talum t h a t  t h e r e  was a  q u a n t i t a t i v e  s e p a r a t i o n  i n t o  a  tan ta lum f r a c t i o n  
conta in ing  100  ppm niobium and a  niobium f r a c t i o n  s p e c t r o g r a p h i c a l l y  
f r e e  of tantalum. 
' E x t r a c t i o n  2 
The r e s u l t s  from t h e  first mul t i s t age  e x t r a c t i o n  i n d i c a t e d  t h a t  a  
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near ly  quan t i t a t ive  separation of tantalum and niobium re su l t ed  when 
extract ing t h e i r  phenyi e thy l  ethanolamine-hydrofluoric ac id  s a l t  solut ion 
with d ie thy l  ketone. From the  data f o r  the s ingle  s tage ex t r ac t i 0 .n~  it 
was observed t h a t  phenyl diethanolamine was a more e f f -c t ive  amine f o r  
obtaining t h i s  separation of niobium and tantalum. Consequently,this 
a! ine was employed f o r  preparing the  feed solut ion,  A higher concen- 
t r a t i o n  of tantalum and niobium i n  the  aqueous feed was also'employed 
in  ' o rder  t o  increase  the r a t e  of production of tantalum and niobium. 
Since t he  .tantalum-niobium separat ion f ac to r  decreases with an   crease 
i n  concentration of niobium, tantalum and amine, 15 s tages  were used i n  
t h i s  extract ion.  
, . 
Amine feed so lu t ion  15 (see  Table 5) cons t i tu ted  t he  aqueous feed 
so lu t ion  while d ie thy l  ketone was the organic 'phasei '  'The 'aqueous scrub 
solut ion was prepared by p a r t i a l l y  neu t ra l i z ing  a 0.50 molar hydrofluoric 
ac id  so lu t ion  t o  a pH of 4 with phenyl diethanolanine. For 'each cycle 
of operation 10,O m i l l i l i t e r s  of the  amine feed solut ion,  30.0 m i l l i l i t e r s  
' of d ie thy l  ketone and 5.0 m i l l i l i t e r s  of the  aqueous scrub were added a t  
stages 9 ,  1 and lS,respectively.  The ex t rac t ion  process was ca r r ied  ou t '  
f o r  83 cycles although the  products from every ten th  cycle were'analyzed. 
Analyses of the  l i q u i d  phases i n  each s tage were ca r r ied  out a f t e r  the 
ex t rac t ion  process was completed. 
The.cycle analyses indicated t h a t  'about 40 cycles of operation were 
required to  reach e s sen t i a l l y  steady s t a t e .  These analyses showed t h a t  
the  niobium delivered i n  the  aqueous product phase contained l e s s  than 
300 ppm tantalum, These data were substant ia ted by the  stagewise data  
which appear i n  Table 8, It can be noted from the  data i n  t h i s  t ab l e  
t h a t  t he  niobium i n  t h e  equil ibrium aqueous phase of s tages  1, 2 and 3 
was spectrographically f r e e  of tantalum. Since high pu r i t y  niobium was 
obtained i n  these  three  end s t a g e s , i t  i s  probable t h a t  the  contamination 
of the niobium by tantalum i n  t h e  aqueous product phase was considerably 
lower than 300 ppm, the  lower l i m i t  of detection,  
Analyses of t he  organic product phase indicated t ha t  the  tantalum 
i n  t h r s  phase contained about 0,020 per cent  (200 ppm) niobium on the  
oxide bas i s ,  It can be noted from the  stagewise data f o r  t h e  organic 
phase t h a t  a minimum f o r  the  per  cent  niobium i n  tantalum occurred i n  
s tage 13, In t h i s  s tage the  tantalum was spectrographically f r e e  of 
niobium s ince it contained l e s s  than 50 ppm. It appears t h a t  the aqueous 
scrub solut ion,  introduced a t  s tage 15, must have been contaminated by - niobium. This would a l so  explain t he  r e l a t i v e l y  high values f o r  t he  - niobium oxide percentages i n  t he  equilibrium aqueous phase i n  t h e  aqueous 
scrubbing sect ion of the extractor .  
A qua l i t a t i ve  analysis  of t h i s  amine scrub solut ion indicated t h a t  
moderate to  strong amounts of both niobium and tantalum were present.  I n  
order t o  determine the source of t h i s  contamination,qualitative analyses 
Table 8 
Stagewise Data for t h e  Second Niobium and Tantalum 
. Mult i s tage  Ex t rac t ion  
-- -- - 
- Organic phase Aqueous phase 
Stage  Vol. , Grams Per cent  Vol. Grams Per cen t  - 
no. oxide/ Nb 0 ox1 de/ ' Nb 0 
2, 5 l i t c r  I -  l f t e r  2 5 
(ml. )' (ml.1 
- -- - - -- - - - 
" ~ e f e r  t o  Table 7. 
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were ca r r ied  out  on the hydrofluoric acid  and phenyl diethanolamine which 
were employed i n  preparing t h i s  anine feed solution.  The pure amine was 
r e l a t i v e l y  f r e e  of niobium o r  tantalum but  the hydrofluoric ac id  contained 
moderate amounts of both, A qua l i t a t i ve  analysis  on a por t ion of hydro- 
f l uo r i c .  a c id  .obtained from a,new b o t t l e  indicated the  absence of niobium 
c.r tantalum, Consequently, it 'was assumed' t h a t  the  -hydrofluoric acid  
eaployed in -prepar ing  the  amine feed ' so lu t ion  was contaminated p r io r  t o  
i t s  use i n  t h i s  mult istage extract ion,  This probably 'a lso  explains the  
contamination e r r o r  observed i n  the f i r s t  niobium-tantalum multistage 
extract ion.  . , . . .  . .  . .. . . 
An over-all material  balance based on the  average analyses, concen- 
t r a t i o n s  and volumes of t he  product phases indicated t ha t  about 52 per  
cent  of the  material on an oxide ba s i s  was del ivered by t h e  organic pro- 
duct phase. As i n  the case of the f i r s t  multistage extract ion of niobium 
and tantalum, t he  maximum oxide concentration f o r  both phases was i n  t he  
feed stage. Very l i t t l e  niobium oxide was ex t rac ted  by t he  organic phase 
of any stage.  
. me.stagewise  data indicated t ha t  niobium spectrographically f r e e  of 
I 
tantalum could have been produced even i f  two s tages  were el iminated i n  
t he  organic scrubbing sect ion of the  extractor .  Had an amine scrub 
so lu t ion  f r e e  of niobium been employed, it i s  apparent from the  stage- 
wise data t h a t  tantalum spectrographically f r ee  of niobium could have 
been obtained with two l e s s  s tages  i n  the aqueous scrubbing sect ion of 
the  ex t rac tor ,  Consequently>.it is probable t h a t  when employing t h i s  
system tantalum spectrographlcally f r e e  of  niobium and niobium spectro- 
graphically f r e e  of tantlum could be produced on a continuous ba s i s  i n  
an 11 stage ex t rac tor ,  
I n  the  second multistage niobium-tantalum extract ion a system was 
indicated f o r  preparing niobium and tantalum spectrographically f r e e  
of each ,other on a continuing basis .  The system em?loyed f o r  t h i s  t h i r d  
multistage extract ion was s imilar  t o  t he  one used i n  ex t rac t ion  two. The 
concentrations of amine, niobium and tantalum i n  the  feed so lu t ion  were 
the only var ia t ion.  I n  preparing t he  feed so lu t ion  only su f f i c i en t  phenyl 
diethanolamine was added to  t he  stock so lu t ion  t o  give a pH of about one 
& and a niobium-tantalum concentration equivalent  to  about 300 grams per  
4 
l i t e r ,  According t o  the  s ing le  s tage ex t rac t ion  da t a  a decrease i n  t he  
.pH value, o r  amount of phenyl diethanolamine present, viould increase the - tantalum-niobium separation fac tor ,  On the  other  hand, the  increase i n  
.. niobium and tantalum concentration should decrease t h i s  separation fac tor .  
FOP e i t h e r  var iable  change the per cent mass t r ans f e r  from the  aqueous 
to  the  organic phase was not expected t o  change appreciably. 
The aqueous scrub and t he  organic l i qu id  employed f o r  t h i s  m u l t i -  
s t age  ex t rac t ion  had the  same compositions a s  those used i n  the  second 
multistage extract ion,  A qua l i t a t i ve  analysis  on the  aqueous scrub indi-  
ca ted t h a t  'it was f r e e  of niobium and tantalum. The flow r a t e s  and s tages  
of in t roduct ion of a l l  three  in f luen ts  and the del ivery s tages  of both 
product phases were t he  same as  employed f o r  extract ion twoo The product 
phases from every t en th  cycle o? operation were analyzed-for  niobium and 
tantalum, About 30 cycles were required t o  e s sen t i a l l y  reach a steady 
s taEe condition, After  64 cycles were completed the  extraction.was dis- 
continued, The l i q u i d s  i n  each s tage were removed, ~ e p a r a t e d ~ a n d  t h e i r  
vclumes measured. They were then analyzed f o r  niobium and tantalum con- 
t en t .  Table 9 contains the r e s u l t s  from these  stagewise analyses. 
It i s  apparent from t h e  stagemise data t h a t  t he  organic product 
phase, del ivered from s tage 15, contained tantalum spectrographically 
f r e e  of niobium ( o r  l e s s  than 5'0 ppm). A l l  t he  equilibrium portions of 
t h e  organic phase i n  s tages  10 t o  lS,inclusive,were f r e e  of niobium. The 
port ions  of the equil ibrium aqueous phase from s tages  12 t o  15 inclusive, 
were a l so  f r e e  of niobium. This indicated t h a t  under the  conditions of 
t he  ex t rac t ion  not more than t h r ee  s tages  i n  the  aqueous scrubbing sect ion , 
of t he  extrac,tor would be required to  obta in  tantalum spectrographically 
f r e e  of niobium, 
These stagewise data a l so  show t h a t  t he  aqueous product phase, 
del ivered from s tage one, contained the equivalent of 98,7 per cent 
niobium oxide and 1 - 3  per  cent  tantalum oxide, This indicates  t h a t  with 
t he  flow r a t e s  employed,more s tages  a re  required i n  the  organic scrubbing 
sec t ion  t o  produce high pu r i t y  niobium. An over-all  mater ia l  balance 
based on average volumes and analyses indicated t h a t  about 50 pe r  cent 
of t he  oxide by weight was delivered by each product phase, Evidently 
the  decrease i n  t he  amount of amine i n  t he  system resu l ted  i n  a decrease . 
i n  t h e  per  cent of the  mater ia l  t rafisferred to  the o ~ g a n i c  phase. It . 
i s  probable t h a t  an increase  of organic volume to  about 33 t o  35 m i l l i -  
l i t e r s  per  cycle would have yie lded the  desired oxide s p l i t  with the  
number of stages errrployed. The data from multistage extract ion two 
showedtha t  the  addi t ion 'of  more amine to form a sa turated solut ion 
yie lded t h e  proper oxide s p l i t  by weight. 
This t h i r d  mult istage ex t rac t ion  showed t h a t  tantalum spectrographi- 
c a l i y  f r e e  of niobium could be produced on a continuous ba s i s  from a con- 
cen t r a t ed  niobium and tantalum solut ion,  It mas a l so  observed t h a t  the  
e f f e c t  of decreasing amine concentration must be overcome by increasing 
the r e l a t i v e  organic phase flow r a t e .  It i s  believed t ha t  the conditions 
employed i n  t h i s  ex t rac t ion  could e a s i l y  be adjusted t o  obtain a t  the  
same time both niobium and tantalum spectrographically f r e e  of each other  
on a continuous bas i s ,  
Y Table  9 .  
*- 
Stagewise  Data f o r  t h e  Thi rd  Niobium and Tantalum - 
Mul t i s t age  E x t r a c t i o n  
Organic phase Aqueous phase 
S t age  Vol. Grams Pe r  c e n t  Vol. Grams P e r  c e n t  
no. oxide/ Nb203 oxide/  Nb205 
(ml.) l i t e r  (ml ) l i t e r  
* 
Refer t o  Table  7. 
These three multistage extract ions  indicated the  app l i cab i l i t y  of 
countercurrent  ex t rac t ion  f o r  continuously preparing spectrographically 
pure niobium and tantalum, The i ndus t r i a l  appl icat ion of such a process 
e n t a i l s  t he  recovery and recycling of the organic solvent and amines, 
Small sca le  experiments indicated t h a t  about two equal volume contacts 
of t he  organic phase with water w i l l  back ex t rac t  almost a l l  of the 
niobium and tantalum. It was a lso  determined t h a t  from 60 t o  80 per 
cent of  t h e  amine f e d  t o  t he  ex t rac tor  was delivered from the  ex t rac tor  
by the  organic product phase. For a continuous operation some of t he  
aniine could probably he added to t he  system by the in f luen t  organic 
phase, This wou3d poss ibly  e l iminate  recovering the  amines from the  
organic product phase, The addi t ion of such bases a s  ammonia o r  cal-  
cium oxide t o  the  aqueous phase regenerates the amine which i s  insoluble.  
Consequent1y)the amine separates  as  a second layer  and can be recovered 
by decant,ati on. 
CONCLUSIONS 
Ore Processing 
The niobium-tantalum f r ac t i on  i n  a columbite-tantal i te ore was 
rendered soluble by carrying out  a s e r i e s  of treatments s t a r t i n g  with 
a caus t ic  fusion. A sodimt-ly/-&oxide leach of the  fusion product followed 
by a n i t r i c  o r  hydrochloric ac id  leach of the  residue removed most of the 
common i n p w i t i e s .  The remai.ni.ng insoluble f rac t ion  which was e s s e n t i a l l y  
niobium and tantalum ac id  oxides was dissolved i n  e i t h e r  hydrofluoric 
acid  o r  potass iun hydroxide. 
Single  St.age Extractions 
a. Many water immiscible organic solvents p r e f e r en t i a l l y  ex t r ac t  
tantalum from a hydrofluoric acid  solut ion containing tantalum and 
niobium, Tantalum e s s e n t i a l l y  f r ee  of niobium was produced i n  a s ing le  
s tage ex t rac t ion  while t he  preparation of niobium f r e e  of tantalum 
required a s e r i e s  of extract ions .  A s  a  general  c1ass)the ketones 
appeared t o  be the  most e f fec t ive  f o r  obtaining pure tantalum,although 
many alcohols,  aldehydes, amines, phosphites, phosphates, e thers ,  e s t e r s  
and mixed organic solvents  were a l s o  decidedly effect ive .  
b. An increase  i n  the  concentration of f r e e  hydrcfluoric acid  
decreased .the rliobium-tantalum separation f ac to r  but  increased the mass 
t r a n s f e r  from the  aqueous phase t o  the organic phase. 
c. The d i l u t i on  of the hydrofluoric ac id  solution of niobium and 
tantalum with water r e su l t ed  i n . a n  increased preferred e x t r a c t a b i l i t y  of 
tantalum, 
do  Cer ta in  a l i pha t i c  and aromatic hydroxyamines form a  s t ab l e  
p a r t i a l l y  o r  completely neutra l ized solut ion when added t o  the hydrofluo- 
r i c  ac id  solut ion of - niobium and tantalum. These amine systems did  not 
reac t  appreciably with glass.  
e. The t r ans f e r s  of niobium and t an t a lumto  the  organic phase and 
the  tantalum-niobium separation f ac to r s  were generally qu i te  low when 
t h e i r  hydrofluoric ac id  solut ions  were neutra l ized with the a l i pha t i c  
hydroxyamines and then extracted with pure organic solvents,  The pre- 
sence of Primene JM-T o r  Primene 81-T in' the  organic solvent increased 
considerably t he  mass t r ans f e r  t o  the  organic phase while not  a f fec t ing  
appreciably t h e  tantalum-niobium separation fac tors .  
f .  The presence of an i n e r t  d i luen t  i n  t he  organic phase decreased 
the  mass t r a n s f e r  as well as  the  tantalum-niobium separation f ac to r .  
g, Extractions of t he  hydrofluoric ac id  solution which were neutra- 
l i z ed  with the aromatic hydroxyamines yielded high p u r i t y  tantalum i n  
the  equil ibrium organic phase, appreciable mass t r ans f e r  and favorable 
tantalum-niobium separation fac tors .  The same general  trends f o r  the  
organic solvents  t h a t  were reported when extract ing the  amine-free 
hydrofluoric acid  so lu t ion  of'niobium and tantalum were observed here. 
Phenyl diethanolamine appeared t o  be the  most e f fec t ive  aromatic amine 
f o r  neu t ra l i z ing  the excess hydrofluoric acid  from both a  cost  and 
chemical separation viewpoint, 
h, The ex t rac t ion  of a  potassium hydroxide solut ion of t he  ea r th  
acids which had been neu t ra l i zed  t o  a  pH of 4 with c i t r i c  acid  indicated 
t ha t  niobium was p r e f e r en t i a l l y  extracted by the  organic phase. -?The 
amount of material  extracted by the  organic phase and t h e  t an t a lum 
niobium- separation fac tor  i n  t h i s  system were much smaller than those 
obs,erved with t he  hydrofluoric acid  system of niobium and tantalum. 
Multiple-Cmtact Batch Extractions 
a. A s e r i e s - o f  batch ex t rac t ion  t e s t s  employhg the hydrofluoric 
acid  solut.ion.of niobium and tantalum were ca r r ied  out: In  th ree  contacts 
of the 22 per  cent stock solut ion with d ie thy l  ketone 96 'per  cent  of the  
t o t a l  tantalum oxide containing 0.15 per  cent  niobium oxide and 99 per  - 
cent of the  t o t a l  niobium oxide spectrographically f r e e  of tantalum were 
..t obtained, .The intermediate o r  t h i r d  fraction.which was pr imari ly  tantalum. 
contained 3,2 per  cent of .the t o t a l  weight as oxide, A small amount of  - 
hydrofluoric ac id  solut ion was added t o  t he  aqueous phase a f t e r  the  second 
\ 
. extract ion with d ie thy l  ketone. 
b. Two extract ions  of the 22 per cent stock solut ion with d i e t h y l -  
ketone and a  t h i r d  extract ion with isophorone without the  addit ion of 
hydrofluoric ac id  yielded the  same th r ee  f rac t ions  reported i n  a  (above). 
c. The t h r e e  s t a g e  e x t r a c t i o n  of t h e  22 pe r  c e n t  s tock  s o l u t i o n  
w i t h  d i e t h y l  ke tone  r e s u l t e d  i n  a  q u a n t i t a t i v e  recovery of t h e  tantalum 
w i t h  a  99 p e r  c e n t  p u r i t y  r e l a t i v e  t o  niobium and 99 p e r  cen t  recovery  of  
niobium s p e c t r o g r a p h i c a l l y  f r e e  of tantzlum. 
d. A procedure was p re sen ted  whereby any mixture o f  niobium and 
t an t a lum could  probably  be  e f f e c t i v e l y  sepa ra t ed  i n t o  i t s  pure c o ~ o n e n t s .  
e. A coun te rcu r ren t  e x t r a c t o r  c o n s i s t i n g  of from about 5 t o  1 0  
equ i l i b r ium stages '  should  e f f e c t i v e l y  s e p a r a t e  niobium and tantzlum on a  
continui.ng b a s i s  b y  enploying  one of t h e  many orgzrric s o l v e n t s  t e s t e d  f o r  
t h e  e x t r a c t i o n  of  .a hydl-ofluoric  a c i d  s o l ~ t i o n  of niobium and tantalum. 
I \ lu l t i s tage  E x t r a c t i o n s  
a. 'Three m u l t i s t a g e  e x t r a c t i o n s  of  t h e  a r o n a t i c  hydrowarnine neut ra -  
l i z e d  h y d r o f l u o r i c  a c i d  s o l u t i o n  of  niobium and tan ta lum were c a r r i e d  out  
t o  p repa re  t h e  s p e c t r o g r a p h i c a l l y  pure s a l t s .  
b. Niobium s p e c t r o g r a p h i c a l l y  f r e e  of  tantalum and tantalum con- 
t a i n i n g  about  100  ppm niobium were prepared  on a  cont inuing  b a s i s  i n  1 0  
s t a g e s .  The f e e d  s o l u t i o n  was s a t u r a t e d  wi th  phenyl e t h y l  e.thanolamine 
and conta ined  t h e  equ iva l en t  of  about 95 grams o f  niobium and 'ta.ntalum 
I ox ide  p e r  l i t e r .  
c ,  I n  15 s t a g e s  niobium s p e c t r o g r a p h i c a l l y  f r e e  o f  tantalum and 
tan ta lum con ta in ing  abou t  200 ppri niobium were ob ta ined  on a  cont inuing  
b a s i s .  The f eed  s o l u t i o n  was s a t u r a t e d  w i t h  phenyl diethanolamine and 
con ta ined  t h e  equ iva l en t  of  about 260 grams o f  niobium and tantalum 
oxides  p e r  l i t e r .  Stagewise ana lyses  apd a q u a l i t a t i v e  ana lyses  
o f  t h e  aqueous scrub  i n d i c a t e d  t h a t  t h i s  s c rub  s o l u t i o n  was contaminated 
w i t h  niobium. The tan ta lum would probably have been s p e c t r o g r a p h i c a l l y  
f r e e  of niobium i f  t h i s  contaminat ion had n o t  ex i s t ed .  
do Tantalum s p e c t r o g r a p h i c a l l y  f r e e  o f  niobium and niobium con ta in ing  
1.3 p e r  c e n t  tan ta lum oxide  were ob ta ined  i n  15 s t a g e s  on a  con t inu ing  
b a s i s .  The f e e d  s o l u t i o n  was n e u t r a l i z e d  t o  a  pH o f  one by phenyl dS- 
ethanolanline and conta ined  t h e  equ iva l en t  of about  300 grams o f  niobium 
and tan ta lum oxides  p e r  l i t e r .  
e. Ten t o  15 s t a g e s  was s u f f i c i e n t  f o r  a  q u a n t i t a t i v e  s e p a r a t i o n  
o f  bo th  tan ta lum and niobium s p e c t r o g r a p h i c a l l y  f r e e  o f  each o t h e r  on a  
con t inu ing  b a s i s  when t h e y  were f e d  t o  t h e  e x t r a c t o r  t o g e t h e r '  i n  an  
ankine-hydrofluoric a c i d  s o l u t i o n .  
The tantalum and niobium mixture which contained about equal 
weights of each element was obtained by processing a columbite-tantalum 
c-e, A s t ab l e  aqueous solution,  o r  stock solution,  containing t he  
equivalent of 517 grams of tantalum and niobium pentoxides per  l i t e r  
was obtained by dissolving the mixed ear th  acids i n  concentrated excess 
hydrofluoric acid. About s i x  moles of hydrofluoric acid  per  mole of 
t h i s  niobium-tantalum mixture were required t o  obtain a s tab le  aqueous 
solution.  Single s tage extract ions  of t h i s  stock so lu t ion  and i t s  
various water d i l u t i ons  with many organic solvents indicated t h a t  
tantalum was always p r e f e r en t i a l l y  extracted,  A s  a  general  organic class, 
the  ketones were most e f f ec t i ve  i n  obtaining the niobium-tantalum 
separatfono However, many alcohols,  amines, aldehydes, e thers ,  e s t e r s ,  
organic phosphates, organic phosphites and mixed organic  solvents  a l so  
extracted appreciable quan t i t i es  of high pu r i t y  tantalum. Several of 
the organic solvents i n  a s ing le  stage ex t rac t ion  of a 22 per  cent 
aqueous stock solut ion employing equal volumes of the  two phases 
extracted grea te r  than 50 per  cent of the tantalum which analyzed l e s s  
than one per  cent niobium. Included i n  t h i s  group were t r i e t h y l  c i t r a t e ,  
d ie thy l  ketone, heptanone-2, isophorone, mesityl  oxide, methyl-n-hexyl 
ketone, methyl i sobutyl  ketone, methyl isopropyl ketone, tri-2-ethylhexyl 
phosphite and a 5,0 volume per  cent  solut ion of Primene JM-T i n  d i e thy l  
ketone, Tantalum-niobium separation f ac to r s  a s  high as  4180 were obtained 
from these s ing le  s tage  e x t ~ a c t i o n s .  
As the  water d i l u t i o n  of the s tock solut ion was increasedithe 
tantalum-niobium separation f a c t o r s  and pu r i t y  of the separated tantalum 
a l so  increased while the mass t r ans f e r  of niobium and tantalum t o  the  . 
organic phase decreased. A s e r i e s  of ex t rac t ions  was ca r r ied  out i n  
which d ie thy l  ketone was the organic phase while the  aqueous phase con- 
tained various r a t i o s  of hydrofluoric acid  concentration t o  niobium p lus  
tantalum concentration, It was observed t h a t  a decrease i n  the amount of 
excess hydrofluoGic ac id  decreased the  mass t r ans f e r  t o  t he  organic 
phase and gave increased tantalum-niobium separation fac tors ,  Very l i t t l e  
preference i n  the  e x t r a c t a b i l i t y  of tantalum was evident when a l a rge  
excess of hydrofluoric ac id  was present.  It was proposed t h a t  i n  the 
presence of small amounts of f r ee  hydrofluoric acid  the niobium and - tantalum species i n  the aqueous solut ion a re  d i f fe ren t  while they approach - s imi l a r i t y  a s  the  excess acid  i s  increased, 
- A s e r i e s  of multiple-contact batch ex t rac t ion  t e s t s  was ca r r ied  out 
on the  22 per  cent stock solution.  Three successive equal volume 
extract ions  of t h i s  aqueous solut ion with pure d ie thy l  ketone resu l ted  
i n  a recovery of 99 per  cent o f t h e  niobium spectrographically f r e e  of 
tantalum and a 96 per  cent recovery of the tantalum containing 0.15 per  
cent, niobium oxide. The intermediate fraction,which was mainly tantalum, 
c o n s t i t u t e d  2.3 p e r  cen t  of t h e  i n i t i a l  t o t a l  oxide weight,  It was 
necessary  t o  add a  sma l l  amount of hydrof luor ic  a c i d  t o  t h e  system 
b e f o r e  making t h i s  t h i r d  e x t r a c t i o n  wi th  d i e t h y l  ketone. I f  isophorone 
were used i n  p lace  of d i e t h y l  ketone f o r  t h i s  t h i r d  e x t r a c t i o n , t h e  same 
r e s u l t s  were obta ined  wi thout  t h i s  l a t t e r  add i t ion  o f  hydrof luor ic  ac id .  
It i s  be l i eved  t h a t  t h i s  mult iple-contact  e x t r a c t i o n  process  could be 
r e a d i l y  developed t o  a f f o r d  convenient a n a l y t i c a l  and corn-ercial  methods 
f o r  s e p a r a t i n g  tanta lum from niobium. 
Because of the  h i g h l y  corros ive  na ture  of a c i d  f l u o r i d e  s o l u t i o n s  
toward g l a s s  e q ~ i p m e n t ~ o t h e r  l i q u i d - l i q u i d  systems were i n v e s t i g a t e d  f o r  
s e p a r a t i n g  niobium and tantalum. A potas,sium hydroxide s o l u t i o n  of the 
niobium and tantalum e a r t h  a c i d s  was n e u t r a l i z e d  wi th  c i t r i c  a c i d  and 
e x t r a c t e d  wi th  an  organic ,  The r e s u l t s  ind ica ted  t h a t  niobium i n  t h i s  
case was p r e f e r e n t i a l l y  e x t r a c t e d  by t h e  organic+phase .  Although t h i s  
system was not  f u l l y  i n v e s t i g a t e d , t h e  lower va lues  of t h e  mass t r a n s f e r  
t o  t h e  organic  nhase and of t h e  tantalum-niobium sepa ra t ion  f a c t o r  
i n d i c a t e d  t h a t  t h i s  s o l u t i o c  was dec ided ly  l e s s  favorable  f o r  e f f e c t i n g  
a  s e p a r a t i o n  of niobium from tantalum, 
A l i p h a t i c  and aromatic  hydroqyamines n e u t r a l i z e d  and formed a  s t a b l e  
s o l u t i o n  wi th  t h e  hydro f luor i c  ac id  s o l u t i o n s  of  niobium and tantalum. 
Corrosion t e s t s  i n d i c a t e d  r e l a t i v e l y  l i t t l e  a t t a c k  on g l a s s  by t h e s e  
hydrof luor ic  a c i d  systems which had been n e u t r a l i z e d  wi th  amines t o  a 
pH of 4 o r  more. A nw-ber of s i n g l e  s t age  e x t r a c t i o n s  of these  amine- 
n e u t r a l i z e d  s o l - ~ t i o n s  w i t h  v a ~ i o u s  organic  s o l v e n t s  was c a r r i e d  out: 
. Tantalum was p r e f e r e n t i a l l y  e x t r a c t e d  by t h e  organic phase. I n  general ,  
t he  tantalum-niobium sepa ra t ion  f a c t o r s  obta ined  by e x t r a c t i n g  t h e s e  
amine-neutral ized s o l u t i o n s  were lovier than  those  obta ined  by e x t r a c t i n g  
t h e  hydro f luor i c  a c i d  s o l u t i o n s  of. niobium and tantalum. The hydrof luor ic  
a c i d  s o l u t i o n s  tvl-iich had been n e u t r a l i z e d  by t h e  aromatic hydroxyamines 
y i e l d e d  much g r e a t e r  t r a n s f e r s  t o  the  o rgan ic  phase and g r e a t e r  tantalum- 
niobium sepa ra t ion  f a c t o r s  than the  corresponding a l i p h a t i c  hydroxyamine 
n e u t r a l i z e d  systems* I n  t h e  former systems tantalum-niobium sepa ra t ion  
f a c t o r s  a s  high a s  657 were obtained,  
Three countercurrent  mul t i s t age  e x t r a c t i o n s  were c a r r i e d  ou t  
enploying d i e t h y l  ketone a s  t h e  organic  phase and these  aromatic hydroxy- 
amine n e u t r a l i z e d  hydrof luor ic  ac id  s o l u t i o n s  of  niobium and tantalum 
a s  the  aqueous feeds.  The f eed  s o l u t i o n  i n  t h e  f irst  e x t r a c t i o n  was 
n e u t r a l i z e d  wi th  phenyl e t h y l  ethanolamine and contained the equivalent  
of 95 grams of  combined niobium and tantalum pentoxides p e r  l i t e r .  I n  
10 s tages ,  tantalum con ta in ing  100 ppm n inb i . i~m and niohii.un spectrogsaghi- 
c a l l y  f r e e  of tantalum were d e l i v e r e d  by t h e  o rgan ic  and aqueous product  
phases, r e spec t ive ly .  
The feed solut ions  fo r 'khe  second and t h i r d  mult istage ex t rac t ions  
of t h i s  s e r i e s  were neutra l ized with phenyl diethanolamine and contained 
the  equivalent of 260 grams and 300 grams,,respectively, of the  combined 
niobium and tantalum pentoxides per l i t e r .  F i f t een  s tages  'were employed ' 
f o r  these  .extractions.  I n  the second extraction,tantalum containing 200 
ppm niobium and niobium spectrographically f r e e  of tantalum were obtained. 
The organic phase product of the t h i r d  multistage extract ion contained 
tantalum spectrographically f r e e  of niobium while the  aqueous phase pro- 
duct was 98.7 per  cent niobium oxide and 1.3 per  .cent tantalum oxide. 
These multistage extract ions  indicated the p r ac t i c ab i l i t y .  o f  counter- . 
current  l iqu id- l iqu id  ex t rac t ion  as a method f o r  separating tantalum 
and niobium i n  quant i ty  on a continuous basis .  
! 
LITEBATUltE CITED . 
. ' I  . . .  . .. . 
1. Mellor,. J .  M., llComprehensive Trea t i se  on Inorganic and ~ h e . o r e t i c a 1  
Chemistry", Vol. 4, p, 837-925, New York, Longmann, . ~ r e ' e ~ :  and Co. 
1947. , . . . . .  < 
, . 
t ,  
2, Meyers, .Re, Proc. Austral ian I n s t .  Mining and Met. No. '29;. 55 (1943). - --*.' . . 
3. Schoeller ,  W. R., !!The Analyt ical  Chemistry of  anta alum and Niobium", 
.London, Chapman and Hall,  Ltd.  1937. 
' ( L  
4. Powell, H. and ~ c h o e l l e r b  W. IZ., Analyst, 5n, 11n5 (1.925). -
5. Powell, H.  and Schoeller ,  W. R e ,  dn~ . lys t~ ,  57, 750 (1932). -
6. Hayashi, S. and Katsura, T1, J ,  Chem. Soc. Japan Pure Chem. Sect  -- - - 9 -  - 9  
70, 376 (1949). -
7. Hayashi, S. and Katsura, T.,.Jo Chem. Soc. Japan, Pure Chem. Sect . ,  
.70 435 (1949). 
------
-9' 
8. Havashi, S. and Katsura, T. ,  J .  Chem. Soc. Japen, Pure Chem. Sect  -- -- * ,  
70, 431 (1949). -
9, G i l l i s ,  J . ,  Eeckhout, J .  and Poma, K . ,  hlededel, Vlaam. Chem. Ver 6 
* -- -' -9 
No. 10, 5 (1944). 
- 
10. Fowler, 2. M., U. S. Patent  2, 481, 584 ( ~ e p t .  13, 1949). * 
11. Nagashima, K. and Fujiwara, S o ,  J .  Chem. Soc. Japan %re Chem. Sect  -- -9 -- -*' 
74, 383 (1953). -
12. Uspenskaya, T. A.  and Chernikhov, Y: A,, Compt. rand. acad. Sci .  
U.R.S.S., 28, 800 ( 1 9 4 0 ) ~  
13. Golibersuch, E. Ti. and Young, '2. C. ,  J. Am. Chem. Soc 71, 2402 
(1949 1. 
-- - -*' -
14. Wernrt, J . ,  2. anorg. allgem. Chem 267, 213 (1952). - 0'-
15. Cavelliez, F., U. S. Patent  2,429,671 (0ct .  28, 1947). 
16. Kroll ,  W. J. and Bacon, F. E., U. S. Patent  2,427,360 ( ~ e p t .  16, 
1947 0 
17 .  Hiske , C. F., Newman, L. and Atkinson, 3. H., Anal. Chem., 24, 1988 
(19527. 
- - -  
Kro l l ,  W. J. and Sacon,' F. E., U. S. p a t e n t  2,443,254 ( ~ u n e  15, 
1948) 
Schafen, H, and P ie t r ack ,  C . ,  - -  2. anorg . .a l lgem.  - Chem., - 266, 151 
( 1951 ) * 
S i c .  generale  meta l lurg ique  de Hoboken, Belg. Pa ten t  470, 891 
(Feb-,. 1947).  
- 
B u r s t a l l ,  F. H. and Williams, A .  F., Analyst ,  - 77, 983 (1952). 
B u r s t a l l ,  F. H. ,  Swain, P. ,  Viilliams, A. F. and Wood, 3. A. ,  
. J. Chern. Soc., 1497 (1952). 
Tikhomiroff, N., Compt. - rend., '236, - 1263 (1953). 
Kraus, K. A .  and l~oore ,  3. E., J .  - Am. - Chem. - o '  Soc - 71, 30.5'5 (1949). 
Kraus, K O  A .  and Moore, G. E., - J. Am. - - Chem. * J  Soc -73, 2900 (1951). 
Huffman, E, H., Iddings,  G. Me and L i l l y ,  R. C. ,  J .  An. Chem. Soc., - - -  
73, 4474 ( 1951) . , -
G i l l i s ,  J., Hoste, J , ,  Cornand, Po  and Speeke, &dedel .  Vlaam Chem. - 
v e r  15, 63 (1953) . '  -
Leddicot te ,  5. iV. and Moore, F. L., J. Am. Chem. Soc 74, 1618 (1952). - - - -*' - , 
Scadden, E. Ni, and Ballou,  N o  E., Anal. Chem., 25, 1602 (1953) -- - .  
Atomic Enerr~y Comrn. ~ e b o r t  ISC-220, pp. 24-25, Narch 10, 1952. 
Stevenson, P. C .  and Hicks, H. G. Anal. - pa' Chem - 25, 151..7 (1.953). 
Wilhelm, H. A .  and ~ o o s ;  R. A . ,  ~ t o m i c  Energy Com~. Xeport ISC-458, 
forthcoming p u b l i c a t i o n  from t h i s  Laboratory. 
Cambell, Ti. J, and Carl ,  H. F., paper p re sen ted  a t  t h e  1953 P i t t s b u r g h  
Conference on Analytical.  Chemistry and Applied Spectroscopy. 
I 
Fasse l ,  V. A. and Krotz, L, , P r i v a t e  communication, Ames Laboratory, 
Iowa S t a t e  College, January, 1954. 
Wi l l a rd , ,  H. 13. and Kin te r ,  O., Indo - Eng.s, 5, 7 (1933). 
MurrBy, E., P r i v a t e  communication, kmes Laboratory, Iowa s t a t e  
College, Apri l ,  195Lo t 
UNITED STATES ATOMIC EWRGY COMMISSION' 
APPLICATION OF LIQUID-LIQUID EXTRACTION 
SEPARATION OF TANTALUM FROM NIOBIUBJ 
: - I  
.b 
BY 
Raymond A. Foos 
H. A. ~ i l h e l m  
TO THE 
Ames Laboratory 




.A Technical Information Serv ice ,  Oak Ridge, Tennessee '. J 
+ .. 
Sub jec t  Category, METALLURGY AND CE??.AI~!I~S:̂ . 
Work performed under Cont rac t  No. W-7405-eng-82. 
F. H. Spedding, D i rec to r ,  Ames Laboratory. 
